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@ Pseudorabies vaccines and DNA vectors for recombination with pox viruses. 

(g) Monovalent and multivalent recombinant pox viruses 
which express immunogenic proteins of pseudorabies viruses 
are provided for use as live vaccines against pseudorabies 
;irus. DNA vectors for recombination with pox virus to 
introduce one or more genes into a pox viral genome are also 
provided. 
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Description 

"PSEUDORABIES VACCINES AND DNA VECTORS FOR RECOMBINATION wiTH POX VIRUSES" 
Background 

5 A ^ es zl<y's disease is a serious and often fatal respiratory and nervous system disease in swine, occurring 
worldwide. Young pigs are its major victims, but adults are susceptible and are also latent carriers of the virus 
which can be passed to piglets. The disease is rare but usually fatal in sheep, goats, cattle, cats and doqs' 
The disease is caused by pseudorabies virus (PrV), also known as Herpesvirus su is. PrV consists of a linear 
double stranded 9 x 10? dalton molecule of DNA in a capsid surrounded by an envelope containing surface 

10 glycoproteins. The coding capacity of the PrV genome is 100 to 200 genes 

Current vaccines consist of inactivated or attenuated PrV; these reduce mortality but do not prevent latent 
infection. In theory, subunit vaccines, which would generally contain only immunogenic surface proteins of the 
virus, would be safer but perhaps not as effective. Protection against and recovery from infection by various 
pathogenic agents is determined by the host's immunological system. There are two interrelated but distinct 

15 immunological responses: humoral immunity, which is provided by circulating antibodies; and cellular 
immunity, provided by certain cells of the lymphoid system. Purified antigens alone, as in subunit vaccines are 
suff.cient to stimulate an antibody response in most cases; but they may not stimulate the cellular immune 
response whch plays an equally or possibly more important role in prevention or recovery from infection Live 

20 vac?!ne S for e prV e effeCt ' Ve meanS ° f stimulatin g both immunological responses. A need exists for live 

Vaccinia virus has been used in the worldwide eradication of smallpox. Its effectiveness in the vaccination 
program is due to its relative safety, stability, ease of administration and low cost. Vaccinia virus a DNA virus 
has several advantageous characteristics for use as a vector for creating live recombinant vaccines: they 
nM T I 6 V 6aSy 9enetiC mani P ula t io ns; they have a genome which can accept a large amount of foreign 
DNA; they are not oncogenic, are easy to grow and purify, and they have an extremely wide host ranqe 
infecting both man and animals. ' 

Paoletti et al. (U. S. Patent No. 4,603,112) have developed a technique known as in vivo recombination for 
integration of foreign DNA into vaccinia virus. Several foreign genes can be recombiSedlnto one virus using 
this technique, but each gene must be inserted individually. (Perkus et al. 1985 Science 229 981) 

A means of utilizing vaccinia virus as a eukaryotic vector has recently been developed~'lt has been 
demonstrated that foreign DNA sequences can be inserted into the genome of vaccinia vims by a process of 
site specific homologous recombination between replicating vacccinia genomes and appropriate vaccinia 
DNA sequences wh.ch flank the foreign DNA of interest (Panicali et al., Proc. Natl. Acad Sci USA 1982 
Vol. 79, pgs. 4927-4931). Recombinant viruses have been created in this manner to contain and express DNA 
35 sequences which code for proteins of pathogenic organisms. 

Summary of the Invention 

This invention pertains to recombinant pox viruses capable of expressing immunogenic proteins of 
pseudorab.es v.rus and to the use of these recombinant viruses for vaccination against pseudorabies virus 
and for the production of pseudorabies antigens. The invention also pertains to DNA vectors into which a 
foreign gene or genes can be inserted, for recombination with pox virus to produce recombinant pox viruses 
which express the protein(s) encoded by the inserted DNA sequences. The vectors are used to produce mono 
or multivalent pox viruses. The divalent vectors allow two or more genes, from the same or different organisms 
to be inserted together by a single in vivo recombination event. These vectors can be used to create 
g^^giranr^r ^ Va ° Cinia ^ COntaining and ex P r essing the genes encoding the glycoproteins 

The invention will now be disclosed in more detail by way of example only with reference to the 
accompanying drawings, in which: 

Figures 1-3 show the construction of plasmid P AbT752. P AbT752 is a vector for in vivo recombination (IVR 
vector) with vacc.n.a virus; it contains the vaccinia thymidine kinase gene for directif^lhe recombination a = 
L a rr r m ge t ne , U "^ er C ° n 5°' ° f the V3CCinia BamF P romoter . tne v a<=cinia 1 1 KA5 promoter (a modified vaccinia 1 1 K 
promoter) fol owed by a multiple cloning site for insertion of foreign genes and a bacterial replicon and the 
ampicillin resistance gene. 

Figures 1A-D show the construction of an intermediate plasmid (designated P AbT750) for formation of 
£ JJ5 contains the modified vaccinia 11K promoter 11KA5. Figure IE shows the sequence of 

the 1 1 K promoter and the sequence of 1 1 KA 5-pEMBL1 9 junction of pAbT750 

, F ' 9U ? S A i££, Sh ° W thS construc t'on of pDP502, another intermediate plasmid for formation of the 
plasmid P AbT752, which contains the vaccinia BamF promoter and the lacZ gene. Figure 2D shows the 
sequence at the junction of the vaccinia BamF promoter and the lacZ gene in pDP502 

Figure 3 shows the final steps in construction of the IVR vector P AbT752 in which the 11KA5 and 
BamF-lacZ constructs of the intermediate plasmids P AbT750 and pDP502 are inserted within the vaccinia 
thymidine kinase gene. 

Figures 4 A-C show the construction of the IVR vector P AbT4007 which has the same elements as 
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pAbT752 except that it contains the vaccinia 7.5K promoter rather than the 1 1 KA5 promoter. 
Figures 5-7 show the construction of the divalent (VR vector pAbT4026. pAbT4026 contains the two vaccinia 
promoters 7.5K and 11KA5, each fol lowed by unique multiple cloning sites for insertion of foreign genes. 
Figures 5 A-E show the construction of pAbT4006, an intermediate plasmid in the construction of 
pAbT4026. pAbT4006 contains the 7.5 promoter and the lacZ gene. 5 

Figures 6 A-D show the construction of pAbT4019, another intermediate plasmis in the construction of 
pAbT4026. pAbT4019 contains the vaccinia 7.5K promoter, the lacZ gene and the gene for hygromycin B 
phosphotransferase. 
Figures 7 A-C show the final steps in the construction of pAbT4026. 
Figures 8-9 show the construction of the divalent IVR vector pAbT4027 which has the same elements of 10 
pAbT4026 except that it contains the vaccinia 30K promoter rather than the 11KA5 promoter. 

Figure 8 shows the construction of pAbT4024, an intermediate in the construction of pAbT4027, which 
contains the vaccinia 30K promoter. 
Figures 9 A and B show the assembly of pAbT4027. 

Figures 10 A-C show the construction of the IVR vectors pAbT756 and pAbT4018, each containing the 15 
pseudorabies gp50 gene. The gp50 gene is under the control of the vaccinia 1 1 KA5 promoter in pAbT756 
and under the control fo the vaccinia 7.5K promoter in pAbT4018. 

Figures 11 A-E show the construction of IVR vectors pAbT501 and pAbT502 each containing the 
pseudorabies gill gene under the control of the vaccinia 7.5K and 1 1 KA5 promoters respectively. 

Figures 1 2 A-C show the construction of the divalent IVR vector pAbT506 containing the gill gene under 20 
the control fo the vaccinia 7.5K promoter and the gp50 gene under the control of the 30K promoter. 

Figures 13 A and B show the construction of the divalent IVR vector pAbT503 containing the gp50 gene 
under the control fo the vaccinia 7.5K promoter and the gill gene under the control fo the vaccinia 30K 
promoter. 

Figure 1 4 shows the construction of plasmid pAbT765 containing the pseudorabies gll gene. 25 
Figures 15 and 16 show the construction of pAbT781 ( an IVR vector containing the pseudorabies gll gene 
under the control of the vaccinia 7.5K promoter. ^ 

Figures 15 A-D show the construction of pAbl/80, an intermediate in the construction of pAbT781, 
which contains the 5' end of the gll gene. 

Figures 16 A-E show the final steps in the construction of pAbT781 . 30 

Detailed Disclosure of the Invention 



1. Genes for integration into pox virus 

Foreign genes for integration into the genome of a pox virus in expressible form can be obtained by any 35 
conventional technique for isolating a desired gene. The genes can be derived from organisms, including 
bacteria, viruses or other microorganisms, for which a pox virus based live vaccine is desired. For purposes of 
a vaccine, genes of interest are those which encode immunogenic proteins of an organism. In many cases, 
these are protein components of surface structures such as the bacterial cell wall or viral envelope. In 
appropriate instances, immunogenic fragments or subunits of the proteins may be used. 40 

For organisms which contain a DNA genome, the genes encoding an antigen of interest are isolated from 
the genomic DNA; for organisms with RNA genomes, the desired gene may be isolated from cDNA copies of 
the genome. If restriction maps of the genome are available, strategies can be designed for cleaving genomic 
DNA by restriction endonuclease digestion, to yield DNA fragments that contain the gene of interest. In some 
cases, desired genes may have been previously cloned and thus, the genes can be obtained from the available 45 
clones. Alternatively, if the DNA sequence of the gene is known, the gene can be synthesized by any of the 
conventional techniques for synthesis, of deoxyribonucleic acids (e.g., the phosphate or phosphite triester 
techniques). 

Depending on the design of the vector, genes can be isolated or synthesized with or without the 
endogenous translational start signal ATG. The resulting antigen can be expressed as a protein identical to the 50 
protein made in the original organism either by using its entire coding sequence including its own translation 
start codon ATG or, if containing all codons except its start codon, by ligating to an ATG codon provided by the 
vector. The antigen can also be expressed as a fusion protein with its N- or C-terminus encoded by another 
gene. For example, some prokaryotic genes contain the translation initiation codon GTG which is not 

i. l: i i i« t^Anrt /^oooo the nnno nan ho avnroccprl in pilkarvntftS hv fusion, in the 55 

lUIIUUUIiai IM CUr\CU yUUU jyoicuio. mi mwuw wmwww, r- * 

correct reading frame, to an ATG. Fusions can be made to other genes in order to direct the localization of the 
resulting fusion protein in the organism or to provide for secretion of the protein into the medium outside of the 
organism. In addition, fusions can be made in order to alter or enhance the immunogenicity of a protein. 

Genes encoding an antigen of interest can be amplified by cloning the gene into a bacterial host. For this 
purpose, various prokaryotic cloning vectors can be used. Examples are plasmids pBR322 and pEMBL 60 

The genes encoding the antigen of interest can be prepared for insertion into the DNA vectors designed for 
recombination with pox virus by standard techniques. In general, the cloned genes can be excised from the 
prokaryotic cloning vector by restriction enzyme digestion. In some cases, the excised fragment will contain 
the entire encoding region of the gene, including its translational start signal; in others, the translational start 
signal will be absent. The DNA fragment carrying the cloned gene can be modified as needed, for example, to 65 
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^^^X^\^ nX ^^^ thS inSerti ° n Sit6S ° f the DNA vectors used for recombination 
^S^T^^S^. ,nSert '° n th6Se VeCt ° rS 31 reStriCti ° n endon — e deavage sites 
As described in more detail below, the genes encoding pseudorabies virus glycoproteins q D 50 all or all! 
were co ated from the genomic DNA of pseudorabies virus and cloned into I .^Tplasmid Actors After 
IT ll ; P r ° tein : enCOding re9i0n of each 9 ene - includin 9 its translationafiFaS exceed 

lei ^ OtS TxamST'l * endonuclease cleav ^ ^d inserted into the p'ox recombTna t on 

^63 and gX (gp1 X PSeUd ° rab ' eS V ' rUS 9'ycoprotelns which can be inserted into pox virus include gl. 



2. Pox viruses 



Any member of the pox family can be used for the generation of recombinant viruses- for the purposes of 
vacc.ne development, the preferred pox virus is a virus which does not cause sZfican di^ 

is °H an,malS - ^ e f mple - f ° r hUmanS and ° the ' ~ als ' the Vt^nJX^S^S^^L 

™SSS y t n T,T S - WhiCh haS be6n USed for vears as a vaccine a 9^nst smallpox Several sfraTs of 
ITrZf; W , H d ' ffer ,' n ISVel ° f Vimlence - are available for use as va ^ine strains for the purposes o 
vacc.nat.on. a less virulent strain such as the New York City Board of Health Strain which still eTainsThe abilttv 
to el.c,t an approbate immune response is preferred. As another example, for vaccination o P oX fowl dox 
to nrnZ * ^fT^ 5 ^ GM *>r integration of foreiy DNA ^nto vaccina 

k P o , ? 4 3 m ° d ! f,ed V ' rUS Capable of ex P res sing foreign protein encoded by the fc^reiqn DNA are described 
by Pao.ett. et al. U.S. Patent No. 4,603,112. the teachings of which are incorporated 3 by Z1e7ence ? herefn 

3- DNA vectors for recombination with pox virus 

intn th^nin 9 t0 th f meth ° d ° f thiS invention forei 9 n g^es which encode immunogenic proteins are inserted 
into the genome of a pox v,rus so as to allow them to be expressed by the pox virus along with the express on 
° th ™f complement of pox virus proteins (except for the pox viral protein encCde^ by the aene ?nto 
which the fore.gn DNA is inserted). This is accomplished by first constructing a DNA vecto^ for • recombliflon 

fTanlinn n V ' rUS f ° reign 9606 ° r genes of interest fla <^ d by pox v^a sequences ^ 

30 Lcomhin P r T SeqUences can be an V P° x DNA region nonessential for replication ; these alloXe vector to 
30 recombine w.th pox virus jn vivo at a specific region in the pox virus genome. This recombination results n 

mtegration of the foreign DNA into the genome to produce a recombinant virus containTngti Selgn gene or 

J^t^^^^^^ ° f 3 f ° reig " °™ ~P-sib.e form into the pox viral 
35 a- a pox viral promoter linked to: 

a ™, A sequence containing a multiple cloning site for insertion of foreign DNA- 

c. DNA sequences flanking the construct of elements a and b. the flanking sequences beina 
homologous to a reg.on of the pox viral genome which is nonessential to replication ofthe virus 9 

d. a repl.con for vector replication in a prokaryotic hosf and 

40 pro'ka^oHchoste 0 *" 9 * SeleCtable marker or indicator for "lection of the vector in transformed 

m< L h l m ^ tiP ' e C !*° ning f ! com P ris es recognition sites for several restriction enzymes which allow different 

SiTC(^^c^!^^^H■T n ^■^ , ^ C ° ntainin9 3 mU,ti P' e boning S is 
th« rltrw J , GAGCTCGAAT TC, which contains the recognition sequences and cleavage sites for 
the restr.ct.on endonuclease enzymes BamHI, Smal, Kpnl, Sad and EcoRl. Sequences contain^Taddi? onal or 
different recognition s.tes can be used. The cloning site is located adjacent to and downs ream of pox 
promoter such that an inserted gene can be placed under control of the promoter P 

oblaineTfrom 3 \ZZ?Z«T° iS eXpression of the forei 9 n 9*** inserted at the Coning site and can be 
Thot! the spec.es of pox v.rus w.th which the vector is designed to recombine 

a Jh^T enCeS . ank ' ng the construct of elements a and b (the pox viral promoter and adjacent clonina site) 
™ r m ° l090US , t0 a re ? on «f the Pox viral genome which is not necessary for TBplJ^TX^^S 
vL. ; e nn^o ,na A 0n a f " d m i egration of forei 9" DNA will occur at this site and the inserted DNA 2 noTafcSsh " 
fTK Tnt^ f P K eferred 'I 9 ' 0 " f ° r inSerti0n into pox virus is within l "e gene coding for thym dine kinase 
ilS mt0 tNS reg, ° n haS SeVeral adva ntages: (1) as discussed above, the TK gene is noT required for 

viral rephcat.on, so insert.ons into this gene do not abolish viral replication- (2) insertions into the , TKoZfdn 
however, part.ally inhibit viral replication, resulting in a recombinant pox virus ttS^JSS^JSSZSi 
- possibly more suitable as a vaccine strain : and (3) it is possible to select recombinant viruses bv *ielectlrS I for 
ZtTn* T a Tt° n ° f *l TK 9ene by growth in the of 5-bromodeoxyC idine f In orde to obta?n 

SO Ss^el 9en6, reC ° mbinati0n Vector ™« flanking sequences 

in£SnpS 

genom.c DNA contamed on the HindlllM and HindlllF restriction fragments " ed l °' reg, ° nS oUhe 
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the vector DNA for eventual transfection of eukaryotic host cells for recombination. The replicon can be 
obtained from any conventional prokaryotic vector such as pBR322 or pEMBL The selectable marker can be a 
gene conferring antibiotic resistance (e.g. ampicillin, chloramphenicol, kanamycin or tetracycline resistance). 

Preferred vectors contain genetic elements which permit positive selection of recominant viruses, i.e., those 
viruses which have recombined with the vector and, as a result, have acquired the foreign gene or genes. 
These elements comprise a gene encoding a selectable marker or indicator and a pox virus promoter, which 
controls expression of the gene in the recombinant virus. The promoter and marker or indicator gene are 
located between the flanking pox viral sequences so that the elements which allow for selection and the 
foreign gene of interest are co-integrated into the pox viral genome. Recombinant viruses can then be 
selected based upon expression of the marker or indicator. 

A preferred gene for selection is the E. coli lacZ gene which encodes the selectable enzyme 
B-galactosidase. Methods of selection based upon expression of this enzyme have been described 
(Chakrabarti et al., 1985 Mol. Cell. Biol. 5, 3403). Other selection methods include thymidine kinase selection 
as described above, and any drug resistance selection, for example, the selection that is provided by the gene 
encoding neomycin phosphotransferase, an enzyme which confers resistance to G418 (Franke et al., 1985. 
Mol. Cell. Biol. 5, 1918). 

As mentioned above, the preferred species of pox virus for insertion of foreign genes for production of 
vaccines is the vaccinia species. Accordingly, preferred vectors are designed for recombination with the 
vaccinia virus and thus, the pox viral elements of the vector are derived from vaccinia virus. A vector for 
recombination with vaccinia virus can contain: 

a. a vaccinia promoter (e.g. the vaccinia 11K. 7.5K or 30K promoter or modified versions of these 

promoters); 

b. a multiple cloning site adjacent to the promoter; 

c. a second vaccinia promoter (e.g. the vaccinia BamF promoter) ; 
d a gene encoding a selectable marker (e.g. the E. coli lacZ gene) ; 
e DNA sequences homologous to a region of vaccinia virus nonessential for replication of the virus, the 

DNA sequences flanking the construct of elements a-d (e.g., sequences of the vaccinia thymidine kinase 
gene); 

f. a replicon for replication in a bacterial host; and 

g. a gene encoding a selectable marker under control of a prokaryotic promoter for selection of the 30 
vector in a prokaryotic host. 

Vaccinia promoters are DNA sequences which direct messenger RNA synthesis from vaccinia genes during 
a vaccinia virus infection. Such promoters can be isolated from the vaccinia genome or can be constructed by 
DNA synthesis techniques. Promoters vary in strength of activity and in time of expression during the vaccinia 
virus life- these parameters can be altered by mutation of the promoter sequence. The promoters can be 
isolated or synthesized to include or not include a translational initiation codon ATG as well as a multiple 
cloning site for convenient insertion of foreign genes in order to express these genes in vaccinia 

With current technology, two or more foreign genes can be inserted into vaccinia virus by several in vivo 
recombination events; that is, each gene must be inserted individually. This invention also provides for the 
insertion of two or more foreign genes by a single in vivo recombination event. 

For this purpose, vectors are provided for introduction of two or more foreign genes into pox virus. These 
vectors can be employed to produce recombinant pox viruses which express two or more different antigenic 
proteins to provide multivalent vaccines. The proteins can be derived from one or more organisms. Vectors for 
introduction of multiple foreign genes into pox virus contain the elements as described above for a monovalent 
vector and one or more additional pox viral promoters, each followed by a multiple cloning site for insertion of 
one or more additional genes encoding immunogenic proteins of one or more organisms. The additional 
promoter(s) and multiple cloning site(s) are located between the flanking pox viral sequences which direct 
recombination in the pox virus. A vector for introduction of two or more foreign genes into a vacc.nia virus can 
comprise any combination of two, three or more of the various vaccinia promoters, each followed by a multiple 
cloning site for selective insertion at each site of a different gene of interest. For eample, a divalent vector can 

contain^ ^ ^ vaccjnia promot er followed by a multiple cloning site appropriately situated so that any inserted 
gene is controlled by the promoter; 
b. a second vaccinia promoter and adjacent cloning site ; and 

nmmMor WnUoH, tr * ? npnfi fincodina a selectable marker or indicator. 55 

This constructTs^ vaccinia which direct recombination. Preferably, the first, second, 

and third vaccinia promoters are different promoters. There are several advantages to using different 
promoters in one vector. Different promoters may have varying strengths of activity and different times of 
expression during the vaccinia virus life cycle. The parameters for optimal expression of different antigens may 
vary with each antigen and therefore different promoters may be optimal. Also, repeated DNA sequences 60 
located near each other are unstable in vaccinia virus. The use of the same promoters in one vector would 
produce closely linked repeated DNA sequences in the recombinant vaccinia virus and thus may result in 
instability. Different promoters have different DNA sequences and therefore would be stable when 
recombined into the same region of the vaccinia genome. 
Because of the convenient multiple cloning sites, any isolatable gene(s) an be easily inserted into these 65 
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4. In vivo recombination 

SS^T" ° ' k 8 P °* *" g """" e - ™ s '«o-"bl ra «on will Jccur i„ a ^SSS ^^XSSS 

EE™™ 

described abovaA a n^ ° f a 9 e " e . encodi "9 a marker or indicator gene along with the gene ofSst aS 

40 5. Vaccines 

mmmmmm 

vaccine? ^^^T^T^^^ h3Ve been c °^™ted and used as live 
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pathogenic agent, including antibodies directed to specific antigens not present in the recombinant pox virus. 
The presence of these additional antibodies, which can be detected using appropriate immunological tests 
(e.g., ELISA), is therefore diagnostic of a naturally occuring infection of the host with the pathogen. 

Using this invention, recombinant vaccinia viruses containing selected pseudorabies antigens can be used 
as vaccines. Because vaccinated animals will produce antibodies against only those pseudorabies antigens 5 
expressed by the recombinant vaccinia virus used for vaccination, they can be distinguished from animals 
infected with the pseudorabies virus; the infected animals, in contrast to vaccinated animals, will contain 
antibodies to the entire complement of pseudorabies antigens. 

Recombinant pox viruses expressing foreign antigens can also be used to generate immunogenic proteins 
in culture which can be used as subunit vaccines. Antigens for subunit vaccine preparations can be produced w 
by infecting eukaryotic eel! cultures with one or more recombinant viruses, each expressing one or more 
foreign antigens. The infected cell will express these foreign antigens along with the complement of pox virus 
proteins. These antigens can then be utilized as a subunit (non-live) vaccine preparation. The foreign antigens 
may be purified from the infected cells for administration or they may be given as a crude lysate of infected 
cells. Under these circumstances, any live recombinant pox viruses present would have to be inactivated, 15 
which can be done by conventional techniques such as the use of formalin, heat, and ultra violet radiation, 
among others. 

For example, subunit vaccines can be made from the monovalent and divalent recombinant vaccinia viruses 
containing the genes encoding pseudorabies glycoproteins gp50, gll, gill, or other pseudorabies proteins. 

20 

6. Diagnostic Uses of Recombinant Pox Viruses 

Recombinant pox virus which express one or more foreign antigens can also provide diagnostic tools for 
detection of the organism which normally contains these antigens. Infection of experimental animals with the 
recombinant pox viruses can be used to raise both monoclonal antibodies and polyclonal antisera which 
recognize the specific epitopes of the foreign protein. These monoclonal and/or polyclonal antibodies can be 25 
used individually or together as capture antibody for immunoassay in the RIA or ELISA format, to detect the 
present in a biological fluid (e.g., urine, blood, or feces) of the organism which normally contains these 
antigens. 

Alternatively, cells infected in vitro with the recombinant pox viruses can be used as a source of the foreign 
antigen produced by the recombinant viruses for an immunoassay to detect the presence of antibody in urine, 30 
blood, or feces of an animal. Particularly preferred immunoassays are solid phase immunometric assays 
(enzymetric or radiometric). In such assays, the antigen of interest is immobilized on a solid phase to provide 
an immunoadsorbent. The immunoadsorbent is then incubated with a sample of bodily fluid to be tested under 
conditions sufficient for antibody reactive with the antigen to complex with immobilized antigen. The 
immunoadsorbent is separated from the sample and antibody associated with the immunoadsorbent is 35 
deteremined as an indication of the level in the sample of antibody against the organism which normally 
contains the antigen. Antibody bound to the immunoadsorbent is generally determined by incubating the 
immunoadsorbent with a labeled (radioisotopically or enzymatically) antibody against antibody of the species 
from which the sample is derived and detecting label associated with the immunoadsorbent. 

For example, in the case of recombinant vaccinia viruses expressing pseudorabies glycoproteins, these 40 
viruses can be used to infect experimental animals to raise monoclonal antibodies and/or polyclonal antisera 
which recognize one or more of these glycoproteins. These monoclonal and/or polyclonal antibodies can then 
be used as capture antibody in an immunoassay for the detection of PRV-specific antigens in the urine, blood, 
or feces of a host animal. 

Alternatively, pseudorabies glycoproteins can be isolated in crude or pure form from cells infected in vitro 45 
with recombinant vaccinia viruses expressing one or more of these glycoproteins. These glycoproteins can 
then be used in an immunoassay to detect the presence of anti-PRV antibodies in the bodily fluid of host 
animals as described above. 

The invention is illustrated further by the following Examples: 

50 

Examples 

Materials and Methods 

E. coli Strains 55 

E. coli strains JM101 (Messing et al. t 1981. Nucl. Acids Res. 9, 309), MC1060 and MC1061 (Casadaban & 
Cohen, 1980. J. Mol. Biol. 138, 179), HB101 (Boyer and Rouland-Dussoix, 1969, J. Mol. Biol. 41 , 459; Bolivar and 
Backman, 1979. Methods Enzymol. 68, 245) and RR1 (Bolivar et al., 1977. Gene 2, 95; Peacock et al M 1981. 
Biochim. Biophys. Acta 655, 243) were used. 

60 

Restriction Enzyme Digestion 

Enzymes were obtained from New England BioLabs or Boehringer-Mannheim. Digests were performed as 
described (Maniatis, T. t Fritsch, E. F. and Sambrook, J., 1982, Molecular Cloning: A Laboratory Manual. Cold 
Spring Harbor Laboratory, Cold Spring Harbor, N.Y., pp 104-105). Digests were incubated at 37° for 1 hr unless 
otherwise specified. 65 
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Treatment of DNA with Calf Intestinal Phosphatase 

i„^ a T S » de ? h °f P K 0ry u ted 5 ° mM Tris " HC '' pH90> 10mM M 9 Cl2 ' 01 mM ZnC| 2 and 1niM spermidine with 
1 Iprni ™ Phosphatase (Boehringer-Mannheim, 23 units/u.) at 37° for 30 min, sometimes followed by 
a second 30 mm incubation with another 1ul of enzyme. 

Treatment of DNA with DNA Polymerase, Large Fragment (Klenow) 

Klenow enzyme was obtained from New England BioLabs and used as described (Maniatis T Fritsch EF 
SborN?! pp Vl2 1 1S) 0 ' 60 "' 3 ' C '° nin9: A Laborat ° ry ManuaL Cold S P rin 9 Harb ° r Laboratory', Cold Spring 

Treatment of DNA with Mung Bean Nuclease 

Mung beam nuclease digestion was performed in 30mM sodium acetate, pH4.6, 50mM NaCI 1mM ZnCb 1 
unit mung bean nuclease (Pharmacia), at 37°C for 10 minules. 

Treatment of DNA with T4 DNA Polymerase 

T4 DNA polymerase was obtained from New England BioLabs and used as described (Maniatis T Fritsch 
Ipring Harb^NY p395) M °' eCU,ar C '° nin9 - A Lab ° rat0ry ManUaL C °' d Spring Harb0r ^ato^S* 
Gel-Purification of Restriction Fragments 

Tris-acetafe oHS^T^m ^t^t^T^ agar ° Se (ranging fr0m 07 ° /o to 3 ° /o > 3 els ™ ^ 40mM 
JZteSt m X <n m x The °J^ A fragment ° f intereSt Was excised from Sel. liquified at 70°C and 

tssz^ The dna was — - *«* — 

Ligation of DNA Fragments 

lOmlJ^JrV 9 ^^ t °K bt ^ ed t f , r T Boehrin S er Mannheim. Ligations were performed in 50mM Tris, P H7.4. 
10mM MgCIa 10mM dith.othre.tol, 1mM spermidine, 1mM adenosine 5'-tri P hosphate. 0 1mg/ml bovine serum 
albumin. 1u T4 DNA ligase, at 15°C for 30 min. to 3 days unless otherwise specified 

Phosphorylation of Linkers and Ligation to DNA 

nh^c k K rS T4 _ P o| y nucleotide kinase were obtained from New England BioLabs. Linkers were 

£ °?f! an t d " gated ? deSCribed < Maniatis ' T - ^tech. E.F. and Sambrook, J., 1982. Molecular 
Cloning. A Laboratory Manual. Cold Spring Harbor Laboratory, Cold Spring Harbor, N.Y., pp 396-397). 

E. coli Transformation 

Salb^ok 8 '! 3 TcZ^Tf C ° | mp ^ ent a " d transformed with DNA as described (Maniatis T., Fritsch, E.F. and 
bambrook, J., 1982. Molecular Cloning: A Laboratory Manual. Cold Spring Harbor, N.Y., pp 250-251). 

Isolation and Purification of Plasmid DNA 

w Z e n^nr^ ^T* °* ^ purification b V cesium chloride-ethidium bromide gradient centrifugation 
rior^ M a , S / de ,!, Cr ' bed < Manlatis ' T - Fritsch. E.F. and Sambrook, J.. 1982. Molecular Cloning- A 
Laboratory Manual. Cold Spring Harbor Laboratory, Cold Spring Harbor. N.Y.. pp. 90, 91, 93, 94) 

Virus and Cells 

CV-1 cells, which are kidney cells derived from the African Green Monkey, were obtained from the American 

2ST 1ot^ .t? 00 <AT ? C C ^ CCL70) ^ 9r ° Wn in Minimal Essential Media (MEM; GibcTsuppremeS 
with 10o/o fetal Calf serum (FCS; Hyclone Laboratories. Inc ) 

(A SffiS Thl a i Ne T I 0 '" ° n l, B ° ard ° f Hea ' th (NYCBH) Was obtained from the ATCC 
(Aicc#VR-325). The virus stock received from ATCC was grown on CV-1 cells in MEM-2<Vo FCS and this 

grad'ie^ ^ZVT'Tor "f^™^** of HeLa ' S3 «■» ^TCC # CCL2.2) for purfficaln on ill Te 
gradients prior to use for infection in in vivo recombination (IVR) experiments. 

Infection and Transfection 

vimc^l f ellS ,rr e f ,a, f d i 24 Hr bef ° re an IVR at 106 cells P er 6cm P |ate - These cells were infected with vaccinia 
virus at a mult.phc.ty of infection (MOI) of 1 or2 in a total volume of 200ul of MEM-2<Vo FCS. Virus was adsorbed 

4 n a r ? 37 * dUnnQ thiS time the plates were rocked ever V 10-15 min to distribute the virus and to keep 
the plates from , drying out. After virus adsorption. 3.3ml of MEM- 2 o/o FCS was added to the ceTs 

Solution A 250mM CaCI 2 . 25mM HEPES. pH7.12) was added to 20ug of CsCI gradient-pu mec DNA (total 
volume of 30u or less) for a final total volume of 250ul. While air was then bubbled through Eoluton 250u 

^n^^^ N £ 15 : M T*T 4 - 2 T l mM HEPES ' pH712) was added ^••*t?5SSS2 

me S p Se w as gen^ swTrS " ^ 40 ^ Th,S S °' Ut, ' 0n then added dr ° PWiS6 t0 Md Ce,,s while 
The infected cells, which had been transfected with DNA right after completion or virus adsorption, were 
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incubated at 37° C until ail the cells were observed to be infected; typically cytopathic effects were seen by 
16-20 hr. Virus from the IVR was harvested by freezing and thawing the plates three times. Cells were scraped 
off the plate into the medium, cell debris was removed by centrifugation in a clinical microfuge for 5 minutes, 
and the supernatant containing the virus was sonicated for 40 sec and stored at -80° C. 

Plaque Purification of Recombinant Virus 

The progeny virus was then titered on a monolayer of CV-1 cells on a 6cm plate. Because the DNA used in 
the transfection step contained the lacZ gene under the regulation of a vaccinia promoter as well as a gene of 
interest, i.e. gene encoding antigen, one could detect recombinant virus as blue plaques in the presence of 
Bluo-Gal (Bethesda Research Laboratories). Because in vivo recombination occurs at a low frequency, the 
number of progeny from each IVR was determined by a titration, in which the progeny virus was diluted 10-** 
through 10- 4 in MEM-2<Vo FCS. A 6cm plate of confluent CV-1 cells (passaged 24 hr earlier) was infected with 
0 5ml of diluted virus which was adsorbed for 30 min at 37° C. The medium was then removed by aspiration and 
the cells were overlaid with 3ml of DME minus Phenol Red (Gibco) - 0.6°/o agarose (Bio-Rad) - 10<Vo 
FCS-0 1ug/ml fungizone. This overlay was made by mixing equal volumes of 2x(DME minus Phenol 15 
Red-FCS-fungizone) with 1 .2% agarose. On day 3, another 3ml of overlay containing the previous mixture and 
400ug/ml Bluo-Gal (from a freshly prepared stock at 20mg/m! in dimethyl sulfoxide (DMSO)) was placed over 
the first agarose overlay. The plates were then screened daily for the number of blue and white plaques; blue 
plaques first appeared anywhere from 4-48 hr. Plaques were counted and the PFU (plaque-forming units)/ml of 
progeny virus in the IVR were calculated. 

Fifteen to twenty 6cm plates of CV-1 cells were then infected with approximately 250-300 PFU/plate of the 
progeny virus The infection, the first and second agarose overlays and screening of the plaques were all done 
as described in the previous paragraph. Recombinant (blue) plaques were picked and placed into 2.0ml 
MEM-20/0 FCS and sonicated for 40 sec. A second round of plaque purification was done by infecting cells with 
20ul to 200ul of this sonicated virus, and this was followed by a third and fourth round of plaque purification. 
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Virus Amplifi cation * ^, * „ ^ • 

— F : u i+: tmnlifiaW rtn o fi^m nlqtp nf HV-1 flfills. This Virus was 

ATter plaque purmcaiiun, mc leouiuuy vhuo v««o un^imuu w.. « , - - - 

harvested in a total volume of 5ml and the cells lysed by 3 cycles of freeze-thawing. Cellular debris was 
removed by centrifugation and the resulting virus was again amplified first on another 6cm plate of CV-1 cells, 30 
and then again on a 15cm plate of CV-1 cells. The virus particles (in 20ml) were then concentrated by layering 
over a 15ml cushion of 36<Vo (w/v) sucrose in 1mM Tris-HCI, pH9.0 and centrifuging in the SW28 rotor at 20,000 
rpm at 4°C for 60 min. The virus pellet was resuspended in a small volume of 1mM Tris-HCI, pH9.0. The 
concentration of PFU was determined as previously described; in this case the dilutions ranged from 10-3 to 

10- 8 35 

The virus resulting from the infection of the 15cm plate of CV-1 cells was trypsinized, then used to infect 
approximately 1 liter of Hel_a-S3 cells in a spinner at an MOI of 1. Virus was trypsinized with an equal volume of 
0 25<Vo tryspin (Gibco) for 30 min at 37° C in a shaker. HeL^S3 cells were spun down, resuspended in 20ml 
DPBS and counted* the cells were then further concentrated by centrifugation and resuspended in a small 
volume (approximately 2ml) of DPBS-10/o FCS. The appropriate amount of trypsinized virus was added to the 40 
cells and adsorbed for 45 min in a shaker at 37°C. The infected cells were then diluted with fresh DME-100/o 
FCS to a final concentration of approximately 4x10* cells/ml. After a 3 day incubation at 37° C. the cells were 
pelleted resuspended in approximately 1 00ml of 1 mM Tris-HCI, pH9.0, and left on ice for 30 min. The cells were 
then homogenized in 25ml aliquots with 10 strokes each in a Dounce homogenizer. The cells were pelleted at 
6 000 rpm in the Sorvall SA-600 rotor for 5 min and the supernatant containing the virus was set aside. The 45 
pelleted cells were resuspended in 20ml of 1 mM Tris-HCI, pH9.0, and homogenized again with five strokes of a 
Dounce homogenizer. The cells were pelleted at 8,000 rpm in the Sorvall SA-600 rotor and the supernatant 
containing the virus was pooled with the first supernatant. At this point, the virus was frozen at -80C until 
further purification through a sucrose cushion and a sucrose gradient. Virus was purified by pelleting through a 
15ml cushion of 36<Vo (w/v) sucrose in 1 mM Tris-HCI, pH9.0, at 20,000 rpm at 4°C for 60 min in the SW28 rotor. 50 
The virus pellet was resuspended in a small volume of 1mM Tris-HCI, pH9.0, and banded on a 25-40<Vo (w/v) 
sucrose gradient in 1mM Tris-HCI, pH9.0 , in an SW28 rotor at 15,000 rpm at 4*C for 40 min. The virus band was 
collected and repeated at 20,000 rpm in the SW28 rotor for 60 min at 4°C. The pellet was resuspended in 1mM 
Tris-HCI. pH9.0. 55 

Black Plaqu e Assay , . • *- u - *■ 

CV-1 cells were plated one day prior to infection at 7 x 10 s cells per 6cm dish, in MEM containing antibiotics 
and antimycotics (Sigma) and 100/o FCS. Twenty-four hrs later the cells became confluent (1x10 6 cells per 
dish) Growth medium was removed from the cells and replaced with 0.5ml of medium containing recombinant 
vaccinia virus vAbT54R or vAbT67 or control virus (NYCBH). Virus was adsorbed to the cells for 30 minutes at 60 
37°C then the medium was removed by aspiration and the cells were overlaid with 0.6<Vo agarose in DME 
containing 10<Vo FCS and 0.1ug/ml fungizone. The cells were then incubated for two days to allow plaques to 

f °After the two day incubation, the agarose overlay was removed, leaving the cell monolayer intact on the dish. 

The cells were washed three times with 3ml of Dulbecco's phosphate-buffered saline (DPBS: 137mM NaCI. 65 
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2 7mM KCI. 1.5mM KH a P0 4 . 8.1mM Na 2 HP0 4 , 4.9mM MgCIa, 9.1mM CaCI 2 , pH7.4) and were fixed for 15 min 

DPBS M S^n^tld 393(0 'i™ 5 ^ ° f 

52 H 5 8 T^ S oht hiCh ^ f C09ni ^ e L he g'y^Protein gill of pseudorabies virus (H. Hampl, et al., 1984. J Virology 
52, 583) were obtained from Dr. Tamar Ben-Porat (Vanderbilt University, Nashville Tenn ) and were arown to 

^J^oZt^^T^ " «T re SUP * rM - ThS mOn0C,0na, antiboJeTm M6 and S?SS 
PBS Twom^f h/JTn! ? 8 S " P w natant m 500/0 n ° rmal 9 ° at serum < NGS '- Colorad ° Serum Company) in 
Jrilr Tl ? Z Ut '° n WaS added t0 each plate and inc^ated for 1 hour at 37° C A monoclonal antibody 

MCA50 which recognizes the pseudorabies glycoprotein g P 50 (Wathen et al.. 1985 Virus Research 4 19 w£ 
ob amed from Dr. P A. O'Berry (National Animal Disease Center, USDA, Ames, loJJ The monSctora was 

^iTTr.^?lS?S? WaS h d ; luted h 1 :50 ° in 500/0 " GS - and 2ml was adde^eX^ and 
m«„«f I 1 6 lncubatl °n- the antibody solution was removed by aspiration and the 

Zeen Z ThLT *T ^ 3m ' ° f W3Shin9 buffer < 20mM Tri ^l P H?5 TJ NaC. ToS/o 

I^mouse ioG SawTnH h ° n '"°" b « ted With the sec °ndary antibody, afkaline phosphatase-conjuga ed I goat 
1 20 Tin Too/?ng5 Z ? ? 9 T SP w 6CifiC; Kirke 9 aard & Perry Laboratories). This antibody was diluted 
hv^n^JSJ w V 3 ? WaS ,ncubated w,th th e monolayer for 1 hr at 37°C. The solution was then removed 

Sa.,ne P SmM Trfs oHtT 0 ^2 r^T* 3m ' ° f ^ and ° nCe With ™IS3EE 

aaiine l^umM Tns-HCI, pH7.5, 0.15 M NaCI). Color was developed on plaques which were exDressino th<* 

M Dhn^nhat With * substrate system, BC.P/NBT (5 So^!ihlSoSindo! 

^ a S r hateand n t ,troblue tetrazolium (Kirkegaard & Perry Laboratories)). The reagent was made up aL ner 

zz^-^-iz^s^r the mono,ayer at 

Black Plaque Assay with Immune Serum 
Female Balb/c mice, (eight weeks old), were immunized with various doses of vaccinia virus recombinants 

2^ n i^p^ m v s^r tak rr day 2 j from three mice immunized ^ " * ™p£S3SE5 

imrnunized vShSkw S^J f? recomb ' nant >- Serum w ^ obtained on day 14 from three mice 

"he' Sae^^e'SSb^ 9r ° UP " ^ P °° led USed ^ btaek ^ ^ * 
n / fi K "l 5 , ( . P ' 9 kidn ® y, ^ e " s ' ob ^ined from L. Enquist. Dupont Co., were grown in DME 10% FCS and plated 

?Q 2 ofu/ d '. S S S p 3t 8 X 1 ° C ?' S/d ' Sh ° ne day Pri0r to infection - The cells ^fected with 0.5 ml of PrV aH 5 x 

lLKpfu/ml. The virus was adsorbed to the cells for ^0 min at ^7° n tH Q r,+^ r , 

Thi , Sl1i t e he tW ° day ' nc J ubation ' the agarose overlay was removed, leaving the cell monolayer intact on the dish 
nines wun jmi or DPBS, and was then incubated with primary antibody 

,n^? . thS recornbinan t vaccinia-immunized mice was diluted 1 :10, 1 :25 1 50 and 1 1000 in 500/o NGS 

SSS. e 9 rtr^hou?S d C ^ZT^Tl °" 5ml ° f tWs «* rtte " ™ inlTaSd^the 

m«n«i-.« u - °- After the lncut, ation, the antibody solution was removed by aspiration and the 

TweeS TteZT *£" timeS * 3m ' ° f W3Shing buffer ( 20mM Tris - H d. pH7 5, 1 M NaCI 0 050/o 
Im? mouse lac r re r, e 1l nC K bated With th6 secondar V ^tibody, alkaline phosphatase-conjugated goat 
? 2^S 1cifNQ?^rf 9h SPeClfiC; Kirke 9 aard & p erry Laboratories). This antibody was diluted 

Iftlr th J k f ' WaS ,ncubated with the monolayer for one hour at 37°C. The solution was asoirated 

Enzyme-Linked Immunosorbant Assay (ELISA) 

excemtSafo 5^^/° C ° n t flUence and infected at an MOI of 2 as described in the previous section 
freth mini l? m medium contaming virus was left on the cells after the 30 minute incubation and 4 5ml of 
fresh medium was added. The cells were then incubated for 18 hours at 37° C 

.hen^ec. The M a,.„ c p. ltels „.„ usea ,„ CM1 m ^ p 2K'^S 0 S ^^1^ 

Immulon II Removawell strips (Dynatech) were coated in duplicate with 200ul of the cell n P ii Pt for 1« hr * t 

orZ t7?r tUre - S0 ' Uti0n W3S th6n rem ° Ved by as P iration and 2 °o"' ^^SlSSX^m£ 
?L nr m,rl r t h^ ematant ' USed Undi ' Uted ' 0r MCA5 ° in ascites fluid - d »"»ed 1 :50uTn 50% NGS^ was added 
The primary antibody was .ncubated for 6 hrs at 37°C r This solution was removed by aspiraSnTthfwet 
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were washed three times with 0.5ml of washing buffer (0.05% Tween-20 in PBS, pH7.5). The secondary 
antibody was a horseradish peroxidase-conjugated goat anti-mouse IgG (heavy and light chain specific; 
Jackson Immunoresearch) diluted 1:2500 in KWo NGS. It was incubated at 200 ul per well for 1 hr at 37° C. 
Following the incubation, the solution was removed by aspiration and the wells were washed three times, as 
described above. Color was developd using 3,3', 5,5'-tetramethyl-benzidine (TMB, Sigma) as the chromagen. 5 
Ten mg of TMB were dissolved in 1ml of DMSO, and 100ul of this solution as added to 5ml of acetate-citrate 
buffer (0.1M sodium acetate, adjusted to pH6.0 with 0.1M citric acid) along with 10ul of 30/o H 2 0 2 
(Parke-Davis). 200ul of this final solution was added to the wells and the plate was incubated at room 
temperature for 5 min. The reaction was stopped by the addition of 200ul of 2.5N H 2 S0 4 . One half of the 
solution in each well was removed, and the remaining 200ul was read at 450nm on the Dynatech Mini-Reader II W 
plate reader. 

Metabolic Labeling 

CV-1 cells were grown for 24 hr to a density of 10 6 cells per 6cm plate and then infected with vaccinia virus at 
an MOI of 2 for 30 min at 37° C. Two hr later, the cells were labeled with either [ 3 H]glucosamine or is 
[ 35 S]methionine. when [ 35 S]methionine was used, the labeling medium consisted of 10ml of methionine-free 
DME, 3.50/0 FCS, 2mM L-glutamine, 100uCi [ 35 S]methionine (New England Nuclear) and carrier methionine 
(0 3mg/100ml). When cells were labeled with [^glucosamine, the DME-3.5<Vo FCS lacked leucine and 
glucose and was supplemented with 167uCi [ 3 H]glucosamine (New England Nuclear) and leucine 
(1 46mg/100ml) Cells were harvested after approximately 20 hr, washed twice with PBS and lysed with 0.5ml 20 
of immunoprecipitation buffer (IPB: 10mM Tris-HCI, pH7.2, 650mM NaCI, Wo Triton X-100, 1% sodium 
deoxycholate, 0.1 o/o SDS, 5mM EDTA, 1mM phenylmethylsulfonylfluoride (PMSF) and 0.1mg/mi trypsin 
inhibitor) for 10 min at room temperature. For subsequent immunoprecipitation steps, 1mM ATP was also 
included in the buffer. The lysates were stored at -80° C. 

PrV-infected BHK-21 cells were also metabolically labelled as described above. Cells were grown to 80<Vo 25 
confluency in 6cm plates and were infected with virus at an MOI of 2. 

Pr eparation of Staphylococcus Aureus 

Killed and formalin-fixed S. aureus (TgSorb) was obtained as a 10<Vb (w/v) suspension from the Enzyme 
Center (Maiden, MA) . The cells were washed twice with IPB and pelleted by spinning 5 min in a microfuge. The 30 
cells were resuspended to a final concentration of 10% or 20<>/a (w/v) in IPB. 

Preformed complexes of S. aureus and IgG were prepared by incubating 5 volumes of 10% (w/v) S. aureus 
with 1 volume of anti-vaccinia virus serum for 10 min at 0°C. The complexes were pelleted, washed twice, and 
resuspended to a final concentration of 20% (w/v) in IPB. 

Immunoprecipitation , 

immunoprecipirations were carried out on cell iysate samples each labelled with 10uCi psimethionine in 
0.2ml of IPB or 10uCi [ 3 H]glucosamine in 0.4ml of IPB. Ail incubations with antibodies or S. aureus were done 
with rocking at 4°C. Each sample was precleared by incubating with 50ul of preformed immune complex 
( S.aureus -tgG, 20% [w/v]) for 1 hr and then clarifying by centrifugation in the microfuge for 5 mm. The 
supernatant was transferred to a new test tube, and the preclearing was repeated at least once. The resulting 
supernatant was then treated for another 30 min with 50ul of 200/o (w/v) S. aureus . Finally, the supernatant was 
transferred to a new test tube and incubated with primary antibodies at an appropriate dilution. The next day, 
50ul of 10% (w/v) S.aureus were added to the sample, and the incubation was continued 30 min. The S. aureus 
complexes were pelleted by centrifugation and washed with 200ul of IPB. The suspension was layered over a 45 
differential sucrose gradient (400ul of 1Qo/o (w/v) sucrose/0.5M NaCl/IPB, plus 800ul of 300/o (w/v) 
sucrose/0 14M NaCl/IPB) and spun for 10 min in the microfuge. The resulting precipitate was washed with 
200ul of IPB and resuspended with 20ul of SDS gel sample buffer (Laemmli, 1970. Nature 227, 680). The sample 
was boiled for 5 min, centrifuged to remove the precipitate, and removed with a syringe for application on an 
SDS gel (Laemmli, 1970. Nature 227, 680) which contained an 8% separation gel and a 3<Vo stacking gel. The 50 
SDS-po!yacrylamide gel electrophoresis was carried out under reducing conditions and was followed by 
autoradiography of the gel. 

PrV Tis sue Culture 

Prv insfiuriorabies virus. Auieszkv's strain) and BHK-21 cells were obtained originally from the American 55 
Type Culture Collection (ATCC # VR135 and CCL10, respectively). The cells were grown in DME/10% calf 
serum (CS) and were passaged biweekly, after trysinization, at a density of 1x10 5 cells per 10cm plate. 
Confluent cells (1.5-2.0x10 7 cells) in a 15cm plate were infected at an MOI of 1 by adding virus in 5ml of 
DME/20/o CS. The virus was adsorbed for 30 min at 37° C, and 15ml of DME/20/o CS was added. About 24 to 30 
hours later, when cytopathic effects were observed in all cells, the medium was harvested, clarified of cellular 60 
debris, and stored at -80° C. 

The virus titers (PFU) were then established. Confluent BHK-21 cells on 6cm plates were infected with 0.5ml 
of virus at an appropriate dilution. After virus was adsorbed at 37°C for 30 min. the medium was removed and 
the cells were overlaid with 5ml DME containing 0.60/ 0 agarose, 10<Vo calf serum, and phenol red. Plaques were 
visible after three days. On the fourth day, the agarose layer was removed, and the plaques were fixed and 65 
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l^H*w£^V!££. methan °' /H2 ° < 5 ° :50 > *" 1 ^u, The p,ates were washed twice with 
Purification of PrV Virus 

DrTeZrL P T«t!lT ^ l ° Pr ° Vid6 StandardS f ° r Various biochemical and immunological 

procedures. All operations were earned out at 4°C or 0°C unless otherwise specified The fro™ n,ih. m 

Tnnn'Tim 0 10 ^ PrV - nfected ^HK-21 cells was thawed at SzTandS ied £t%££$£Z 

dates ( ?r 0 00 m N Mw7f ! GS h To'r! Y 1° min - The Samp ' e WaS —trated (M««P«w Ml5ta$3ff™ 
SI to oeS tS ^fm ■ pf ,iS°H Ut 2 ° ml ' thSn Centrifu 9 ed at 2 ™ 00 9 (14.000 rpm, Beckman SW^rotor) for 30 
Zr KSS phtaV . W3S resus P ended in 1 t° 5 ml of buffer (TNE: 10mM Tris, pH7.4/ OOmM 

NaCI/1mM EDTA) supplemented with 1mM PMSF, sonicated (multiple bursts, 50o/o duty cycle Sonicator 
Ultrason.c Processor Model W-225 [Heat Systems Ultrasonics, Inc.]). then layered I ontc > e Tnea ZcraZ 
t0 °< (W ^L Prepared " TNE/1mM PMSF buffer 'n Beckman Sl^tr^tSfS^TS 
£S^ Z%r n I 6 ^ u 83 '°°° 9 (25 '° 00 rpm " Beckma;1 SW28 rotor )' V ie 'ding an opaque virus band 

SW281 TZ \S? rdS f the tUbe - The band WaS collected - diluted with TNE/1mM PMS? to fill another 
SW28.1 tube and spun for 30 mm at 28,000g (14,500 rpm, Beckman SW28 rotor). The virus pellet was then 
resuspendec with 1ml of TNE/1mM PMSF, sonicated to homogeneity, and aliquoted for s borage at 80= C The 

^uC^JSS^Sr C0nfirm6d ^ tiSSSUe CU ' tUre — SDS " PAGE SSsi? a C nd T a h n e 
Preparation of PrV Nucleocapsids 

of PrV 'ISST^Sr^T ^ ^ e f ° ,,0Win ? method - The start, ng material was a purified preparation 
, , 1 E buffer conta,n,n 9 1m M PMSF. 1.2 ml of the virus preparation which contained 

approx.mately 9mg protein as determined by Lowry assay (Lowrv et al 1951 J Rim rhl'm \ol oilf 
thawed at 45'C and then made Wo (v/v) in NP-40 b^y add-on o^33ul ioo/o v /v) NP- 4 S sto^k si'on The" 
sample was incubated 20 min at 45°C with agitation every 5 min. The nucleooapsSs were then pe eted S 

Preparation of PrV Genomic DNA 
The PrV nucleocapsid pellet was resuspended in 1 .6ml of 10mM Tris-HCI. pH7.5, 1mM EDTA (TE) on ice The 
Were , then added: 30"' of B-mercaptoethanol, 100ul of proteinase K (lOmg/m.) and 400 u" o 2Wo 

d,a ly2 ed on top of MilKpor. VS filt.rs (0.025™! ag„n s t ,CM TE and changM ^minforShr 
Preparation of PrV RNA 

at anMo! nfT^T 9 T" !" ™ E/10 ° /o ca,f serum ' Six 10cm P la ^ of confluent cells were infected with PrV 
at an MOI of 1 as described in PrV T.ssue Culture. After 24 hr, the medium was removed by aspiration and the 

ssrsss ^ssr^v-^ ° 0 n rs p,ate were ,ysed with 2mi ° f 4m u-^^s^%Si 

n-iJL /?k P ". ' ? sark °syl, 0.1 M B-mercaptoethanol, and the DNA was sheared by repeated 

T 7 M CsQi^nlSl r °| U9 n * ^ ^ fr ° m each P late Was la V ered " " 3m7 cushfon of 

washed wi h 7oS^thInm V h Tk 6 ' tUbe ^ centrifu 3 ed at 35 .°0° rpm for 16 hr. The pellet in each tube was 
wasned with 700/o ethanol and then resuspended in 300ul of TE per tube. 

Southern and Northern Analysis 

r»£n a ^.?, e K S ' ele , ct r°P h ° resis of DNA and RNA, transfer to nitrocellulose and hybridization to probes made 
nnninn a , y K n ' Cl :" tra ?! lati0n Were a " P erformed essentially as described (Maniatis et al 982 MolecuS 
S 2 St, 382-38^ ' ^ ^ Labonto ^- C ° ld Sprin 9 Harb ° r . New V<£pp^£ 

Preparation of Vaccinia Genomic DNA 

, ,n C | V w°f " S ' ° n tW <° 1 ° Cm P ' ateS - Were infected w «h vaccinia strain NYCBH at a MOI of 10 for 1 6 to 24 hours or 
untri total apparent cytopathic effects were observed. The plates were washed twice with PBS Cells were 
scraped and suspended in 0.5ml of PBS. Plates were washed with another 0.5ml of PBS Both cell suspensTons 
7n m ? m L^ d 10 3 15m ' tUbe and cen ^ifuged for 10 min at 2000 rpm. The pellet was reaSende^fn 1 ta?of 
/hp"!,* n S ~ HC n P ? 7 ;\ 5 ? M EDTA ' 10mM KCI ^P°*°™ so.ution) and ^^^^10 ^1 
the addition of 0.5m of B-mercaptoethanol and 0.2ml of 10<>/o Triton X-100, the suspension was incu^Sed on 

su D ?m«t»7 n W 'l h ,nt ! rm,t ! l ent shakin 9' Nuclei wer « pelleted by centrifugation at 2000 ^ rpm fo ™ "SJ ^ The 
^SSiTJSS^^ adH HTh 3 "" ofB -— Ptoethano| 9 200ug of proteose K^ulofSM 
Nau and 200ul of 1 0 o/o SDS were added. The suspension was incubated at 37" C for 1 hr, then extracted once 
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10 



with phenol twice with phenol/chloroform and once with ether. One-tenth volume of 3M sodium acetate and 2 
volumes of ethanol were added. The suspension was incubated at -20C for 30 min, then centrifuged for 10 min 
at 4°C in a microfuge. The DNA pellet was washed with 70<Vo ethanol, blotted dry, and then resuspended in 
200ul of 10mM Tris, pH7.5, 1mM EDTA and 5ul of 10mg/ml RNase A. 

EXAMPLE 1 

Construction of a mon ovalent IVR vector containing the vaccinia 11 K promoter (Figures 1, 2, 3) 

pUC8 (Vieira, J. and Messing , J., 1982. Gene 19, 259-268) was partially digested with Haell, and the 2,358 
base pair (bp) fragment was gel-purified and re-ligated to create pAG3 as shown in Figure 1A. 

pAG3 was digested with Ndel and treated with the large fragment of DNA polymerase (Klenow) to blunt the 
ends of the fragment The vaccinia Hindlll J fragment containing the thymidine kinase (TK) gene (Weir et al., 
1982 Proc Natl Acad. Sci, USA 79, 1210; Hruby and Ball, 1982. J. Virol. 43, 403; Weir and Moss, 1983. J. 
Virol 46 530) was digested with Hindlll and Pvull, producing a 1,800bp fragment carrying the TK gene which 
was gel-purified and treated with Klenow to blunt the ends of the fragment. The two fragments described 15 
above were ligated to create pAbT400, in E. coli strain MC1060, as shown in Figure 1B. 

pAbT400 was digested with Clal and EcoRI, then was treated with CIP. The vaccinia Hindlll F fragment which 
contains the 1 1 K gene (Wittek et al., 1984, J. Virol. 49, 371 ; Bertholet et al., 1985. Proc. Natl. Acad. Sci. USA 82. 
2096) was digested with Clal and EcoRI to produce a 600bp fragment carrying the 11K promotor. This 
fragment was gel-purified and ligated the P AbT400 fragment to create pAbT401, in E.coli strain MC1060, as 20 

Sh pAbT^rwas digested with EcoRI, and the ends of the DNA were modified as follows: EcoRI-digested 
P AbT401 was incubated with T4 DNA polymerase in the presence of 0.8mM dCTP for 5 min. Then, dATP and 
dTTP were added to a final concentration of 0.8mM each and the reaction was continued for 10 additional 
minutes Finally the reaction was terminated by incubation at 70°C for 10 min, and the DNA was purified. The 25 
purified DNA was then treated with mung bean nuclease, digested with Clal, and treated with Klenow The 
resulting 600bp fragment carrying 11K promoter sequences was gel-purified. pEMBL19 (Dente et al., 1983. 
...... *t;^~ n_ n -tcici u WC Hi^ctoH with Salt treated with Klenow and CIP, and ligated to the 600bp 

fragment to created pAbT750, in strain JM101, as shown in Figure 1D. The combined treatment with T4 DNA 
polymerase and mung bean nuclease removed 5bp of the 1 1K gene, including the translation initiation ATG 30 
codon, as well as the EcoRI site; the sequence is shown in Figure 1E. The modified 11K promoter was 

designated 11KA5. ^ . , „ , . , T . 

Plasmids pMC1871 and pSKS107 (Shapira et al.. 1983. Gene 25, 71) were obtained from M. Casadaban (The 
University of Chicago, Chicago, III.) . These plasmids contain the E. coli lacZ gene flanked by various restriction 

en jMC187Twas te d1gested to completion with Sstl (Sad). Approximately 10ug of this DNA was partially 
diqested with BamHI and the fragments were separated on a preparative agarose gel. A 5,380bp band was 
isolated form this gel. This fragment was missing the 5' end of the lacZ gene from the BamHI site to the unique 
Sad site found within the lacZ gene (Figure 2A). pSKS107 was digested to completion with Sad and BamHI 
and the digestion products were separated on an agarose gel, and a 2.040bp fragment was isolated. This 40 
fragment contained the 5' end of the lacZ gene from a BamHI site to the Sad site (Figure 2A). The 5380bp and 
2040bp fragments were ligated to create plasmid pMC1871-7, in E. coli strain RRI, as shown in Figure 2B. 

Preparative amounts of pMC1871-7 were digested to completion with BamHI, the digestion products were 
separated on an agarose gel, and a fragment of approximately 3,100bp was isolated. This fragment contained 
the entire coding region of the lacZ gene except for the first five codons, which were deleted in the original 45 
PSKS107 construction (a polylinker from a pUC plasmid was inserted in place of these sequences in the 
original construction). The 5' end of the lacZ gene had the following predicted sequence: GA TCC QTC QAC 
CTG CAG CCA AGC TTG GCA. The last codon, GCA, coded for alanine which was the sixth ammo acid in the 

native lacZ protein. _ „ . 

Plasmid pRW120 (Panicali et al.. 1983. Proc. Natl. Acad. Sci. USA 80, 5364) contained a Pstl fragment 50 
subcloned from the Hindlll F fragment of vaccinia virus (strain WR) DNA; the Pstl fragment spanned a unique 
BamHI site in the Hindlll F fragment. The Pstl fragment was inserted into the plasmid vector pBR325 (Bolivar et 
al 1977 Gene 2 95) from which the vector BamHI site had been removed. The vaccinia BamHI site was 
adjacent to a vaccinia transcription promoter region, BamF, which had been used to direct the expression of 
several foreign genes inserted at the BamHI site. These foreign genes were inserted such that their 55 
orientations were consistent (in the same relative orientation tor transcription) with ine vaw.n.a 3«,r,r gene. 

A preparative amount of pWR120 was digested to completion with BamHI and then treated with CIP. 
Appropriate quantities of BamHI-digested P RW120 and the lacZ fragment from pMC1871-7 were ligated to 
create plasmid pDP502, in E. coli strain RRI, as shown in Figure 2C. 

To determine if the coding~regTo"n of the lacZ gene was in frame with the vaccinia BamF gene at the BamHI 60 
site pDP502 was sequenced through the junction between the 5' end of the lacZ insert and the adjacent 
vaccinia DNA This was done using standard dideoxy sequencing techniques (Wallace et al., 1981. Gene 16, 
21) directly on pDP502, using a commercially available kit and M13 lacZ sequencing primer (Amersham). The 
sequence analysis indicated that the lacZ gene was in frame with the ATG of the vaccinia BamF sequence 
(Figure 2D), allowing for expression of B-galactosidase. 
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PDP502 was digested with Bglll and then partially digested with BamHI. The resulting 3900bo fraament 

I^Td(<^^T.^ fl H«^ W W3S di96Sted WUh ECORI 3nd ^ I^K^SJS 
linkers (d jpAGATCTG). New England BioLabs) were phosphorylated and ligated to the P AbT400 fraament 

HtZ. ' % T bP fra9ment W3S 3 el -P urifie d and ligated to the 3900bp BamMacI Cment to create 
pAbT403, in E.coh strain MC1060, as shown in Figure 3A fragment to create 

• pAt.T403 was digested with Bglll and treated with Klenow and CIP. P AbT750 was diqested with Hindlll and 
EcoRI and treated with Klenow. The resulting 600bp fragment containing the modffLd 1 1K promoter M KA5) 
Roure 3B U ' ^ fra9mentS ^ "' 9ated t0 Create P A °T752. in E. cpli strain MClSSTah^S 



var^S/?? L v f to;, for use in in yjyo recombination (IVR) experiments in vaccinia. P AbT752 contains the 

the 1KA5 o 9 romnt?f'T n9 HT° mbin f ti0n ' 3 laCZ gene Under the contr °' of the ™«™ BamF promoter 
TLl £ . ° Wed by 3 mult,ple clonin 9 site for insertion and expression of foreign antiaens 

TgroTh S STKSr COd0n ' ^ 3 baCt6rial reP ' iCOn - d a^ciilin-SnTe^n: 



EXAMPLE 2 



Construction of a mo novale nt IVR vector containing the vaccinia 7.5K promoter (Finnr* 4 ) 
r^H p/«n^ P p 0m r I ' S e i K° n an a PP roximat ely 1000bp Sail fragment of vaccinia (Venkatesan et al 1981 

^K^^ KSrHr and ,i9ated to the 27obp ^ * 
^r.ss^SuT5 B 5 00bp and 300bp fra9ments were iigated to create pA^ooTrni ng cSsS 

pAb^IfaYdL^H? 0 ^ 56 "! recombination ( |V «) experiments in vaccinia. P AbT4007 is identical to 
P AbT752 as described in Example 1, except that the 7.5K promoter was substituted for the 1 1KA5 promoter 

35 EXAMPLE 3 

CO u!l!""?ui!i X d i V !' ent IVR ^ C '° rS contai ™q th 3 vaccini a 7.5K and 11KA5 promoters (Figures 5 6 7) 
fdfCATCrATr? m p 3 | 25 ' 71) WaS digested witn Smal and tr ^ted with CIP. Clal nkers 

! W E u 9 ' and B '° LabS) Were Phosphorylated and ligated to the PSKS106 fragment Excess 

in^rair^ 

S oCS S t' ge ? d With SStl ' and thS reSU ' ting 5400b P fragmenting the ^mS^S^S^ 
dmSSS' ^.^grnfnts were ligated to create pMC1871-C. as shown in Figure SB 

geSfed ^"^R322 mot.r SI "•"■«"«» 3100b P fragment contain?ng the Iac2 gene was 

t Sbp- err i^xzzssse? with BamHi ' treated with cip and « gated to 

waSsTedJf^^ resulting 3100bp fragment containing lacZ was gel-purified. P AG3 

=^o™~ ' 
gel pur.f.ed. The two fragments were Iigated to create P AbT4009, in E. coli strain MC1061. as shown in Figure 
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pABT 401 7 was partially digested with Xbal and treated with Klenow, and the resulting 9500bp fragment was 
gel-purified and re-iigated to create pAbT4019, in E. coli strain MC1061, as shown in Figure 6D. 

pAbT4019 was digested with Xbal, treated with Klenow, partially digested with EcoR! and treated with CIP, 
and the resulting 6500bp fragment was gel-purified. pAbT750 was digested with Hindlll, treated with Klenow 
and digested with EcoRI, and the resulting 600bp fragment containing the 11KA5 promotor was gel-purified. 5 
The two fragments were ligated to create pAbT4022, in E. coli strain MC1061. as shown in Figure 7A. 

pDP502 was partially digested with BamHI and the resulting 14 T 600bp fragment was gel-purified and treated 
with Klenow. Bglll linkers (nonphosphorylated d(GGAAGATCTTCC); New England BioLabs) were ligated to 
the DNA which was then gel-purified. The DNA was then heated to 60° C and allowed to cool slowly before 
additional ligase was added to close the plasmid, designated pAbT6016. in E. coli strain HB101, as shown in 10 
Figure 7B. 

pAbT4022 was digested with Bglll and treated with CIP and the resulting SOOObp fragment was gel-purified. 
pAbT6016 was digested with Bglll and the resulting 3900bp fragment was gel-purified. The two fragments were 
ligated to create pAbT4026, in E. coli strain MC1061, as shown in Figure 7C. 

pAbT4026 is a divalent vector for use in in vivo recombination (IVR) experiments in vaccinia. pAbT4026 15 
contains the same elements for bacterial growth and selection and vaccinia recombination and selection as 
P AbT752 described in Example 1. pAbT4026 differs from pAbT752 in that pAbT4026 contains two vaccinia 
promoters, 7.5K and 11KA5, each followed by unique multiple cloning sites for insertion and expression of 
foreign antigens containing their own translation initiation ATG codon. 
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Co nstruction of divalent IVR vectors containing the vaccinia 7.5K and 30K promoters (Figures 8 and 9) 

pAG3 was digested with Ndel and treated with Klenow. Hindlll linkers (d(CAAGCTTG), New England 
BioLabs) were phosphorylated and ligated to the pAG3 fragment. Excess linkers were digested with Hindlll 25 
and the resulting 2260bp fragment was gel-purified and re-ligated to create pAbT2009, as shown in Figure 8A. 

pAbT2009 was digested with Hindlll and treated with CIP. The 30K promoter is located on the 2400bp Hindlll 
M fragment or vaccinia (rerKus et ai., isoo. oCiwnue diu;. mho ..« y ...^.., *~ 

pAbT2009 fragment to create pAbT3100, as shown in Figure 8B. 

pAbT3100 was digested with Sail and Aval and the resulting 500bp fragment was gel-purified. The fragment 30 
was partially digested with Rsal and the resulting 420bp fragment containing the 30K promoter was 
gel-purified. pEMBL8 (Dente et al., 1983. Nuct. Acids Res. 11, 1645) was digested with Sail and Smal, treated 
with CIP and ligated to the 420bp fragment, containing the 30K promoter, to create pAbT3101, as shown in 

Figure 8C. _ , 

pAbT3101 was digested with EcoRI and treated with Klenow. BamHI linkers (d(CGGATCCG) ; New England 35 
BioLabs) were phosphorylated and ligated to the fragment, excess linkers were cleaved with BamHI and the 
resulting 4420bp fragment was gel-purified and treated with CIP. pAbT2011 was digested with BamHI and the 
resulting 3100bp fragment containing BamF-lacZ was gel-purified. The two fragments were ligated to create 
pAbT3103, as shown in Figure 8D. 

pAbT3103 was digested with Sail and BamHI and the resulting 420bp fragment containing the 30K promoter 40 
was gel-purified. pEMBL18 (Dente et al., 1983. Nucl. Acids Res. 11, 1645) was digested with Sail and BamHI, 
treated with CIP and ligated to the 420bp 30K promoter fragment to create pAbT4024, in E. coli strain MC1061 , 
as shown in Figure 8E. . . 

pAbT4024 was digested with Kpni and Sail and the resulting 420bp fragment containing the 30K promoter 
was gel-purified. pAbT4022 was digested with Kpnl and Sail and treated with CIP. The resulting 6500bp 45 
fragment was gel-purified and ligated to the 420bp 30K promoter fragment to create pAbT4025, in E. coli strain 
MC1061, as shown in Figure 9A. 

pAbT4025 was partially digested with Bglll and treate with CIP, and the resulting 4800bp fragment was 
gel-purified. pAbT6016 was digested with Bglll and the resulting 3900bp fragment containing BamF-lacZ was 
gel-purified. The two fragments were ligated to create pAbT4027, in E. coli strain MC1061, as shown in Figure 50 
9B. 

pAbT4027 is a divalent vector for use in in vivo recombination (IVR) experiments in vaccinia. pAbT4027 is 
identical to pAbT4026 except that in pAbT4027 the 30K promoter is substituted for the 11KA5 promoter. 
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Construction of a monovalent IVR vector containing the pseudorabies gene encoding glyc oprotein gp50 under 
the control of the vaccinia 11KA5 promoter (Figure 10) 

Pseudorabies (PrV) is a herpesvirus containing several surface glycoproteins (Ben-Porat and Spear, 1970. 
Virol. 41, 265). The pseudorabies gene encoding glycoprotein gp50 has been localized to the BamHI H 60 
fragment of the pseudorabies genome (Wathen and Wathen, 1984. J. Virol. 51, 57). 

Plasmid pY104H (Wathn and Wathen, 1984. J. Virol. 51, 57) containing the BamHI H fragment cloned into 
pBR322 (Bolivar et al, 1977. Gene 2, 95) was digested with Stul and Pstl. and the resulting 2900bp fragment 
containing gp50 was gel-purified. pEMBL19 (Dente et al., 1983. Nucl. Acids Res. 11, 1645) was digested with 
Smal and Pstl and ligated to the 2900bp fragment to create pAbT507, as shown in Figure 10A. 65 
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P AbT507 was digested with BstXI and Sad and treated with T4 DNA polymerase and the resultinc 1600bn 

h?T R e n n nH C0 ? taln,n9 SP5 ° WaS 9 e, -P urified - P A bT752 was digested with Smal. treated wit C TpZ l^aS 
the 1600bp fragment to create P AbT756. as shown in Figure 10B 9 

P AbT756 is a vector for insertion and expression of pseudorabies gp50 in vaccinia D AbT756 contain, th» 
pseudorab.es g P 50 gene under the control of the vaccinia 1 1KA5 promoter the vacc nta > TK Sne for S ect ^ 
recombmaton in vaccinia, a lacZ gene under the control of the BamF promoter SS^ot^^SS 
and a bacter.al rephcon and ampicillin-resistance gene for growth and selection in E Si recomb,nants 

EXAMPLE 6 

n;n^U, 56 Z a i di 9J, sted witn BamHI and the resulting 2380 bp fragment was gel-purified P AbT4007 was 
dusted with BamHI and treated with CIP, and the resulting 7480bp fragment was qef-Durified The Zl 

^tI^* "' 9ated t0 ° reate P AbT401 8- ^ E. coli strain MC1061 as sholT F £re OC 
DAb^S H " a h Ve H t0r c r inSerti ° n and ex P ressio ~ n ^esudorabies gp50 in vaccinia pAb^! 8 is identical to 
S?™r 10 P ' e 5 eXC6Pt that the VaCCinia 7 5K promoter is substituted fo hTl^S 
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20 EXAMPLE 7 

nYQQB 1 the 4300bp fragment to create P AbT191, as shown in Figure 11A 
qe P DuriLd a o E M R e . 1« With H Bam t H ' and S P hl and 2400bp fragment containing the 5' end of g.ll was 

%^JSZl "ZrfnT w,th BamHI and Sphl and ,i9ated to the 2400b p *«> ««S 

P AbT175 was d.gested with Ncol, treated with Klenow, and the resulting 2500bp fragment con SL ani 
EXAMPLE 8 

„.™ IT' 75 T d S e ? ed Nc °'' ,rea,M wi,h Kle "°»- and the resulting 2500bp fragment contsinino the „lll 
EXAMPLE 9 

^TIk^! 0 " ° f a divalen t ivr vector containing the pse u dorabies gene encoding glycoprote in gill under the 
^^P ^tuT, d u pSeUd ° rabie I5^i ^^ S un P der the^on^ 

SS^TS ^i^^^r trealed with c,p - and th ~* 

pAbT508 was digested with Hindlll and Xbal and treated with Klenow and the resulting ifinnhn 
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fragment to create pAbT506, as shown in Figure 12C. 

pAbT506 is a divalent vector for the insertion and expression of pseudorabies gp50 and gill in vaccinia. 
pAbT506 contains the pseudorabies gp50 gene under the control of the vaccinia 30K promoter, the 
pseudorabies gill gene under the control of the vaccinia 7.5K promoter, the vaccinia TK gene for directing 
recombination in vaccinia, a iacZ gene under the control of the vaccinia BamF promoter for selection of 5 
recombinants and a bacterial replicon and ampicillin-resistance gene for growth and selection in E. coli . 

EXAMPLE 10 

Construction of a divalent IVR vector containing the pseudorabies gene encoding glycoprotein gp50 under the 10 
control of the vaccinia 7.5K promoter and the pseudorabies gene encoding glycoprotein gill under the control 
of the vaccinia 30K promoter (Figure 13) 

pAbT175 was digested with Ncol and treated with Klenow and the resulting 2500bp fragment containing gill 
was gel-purified. pAbT4027 was digested with Smal, treated with CIP, and was ligated to the 2500bp fragment 
to create pAbT504, as shown in Figure 13A. 15 

pAbT508 was digested with Sphl and Xbal and the resulting 1600bp fragment containing gp50 was 
gel-purified. pAbT504 was digested with Sphl and Xbal, treated with CIP and ligated to the 1600bp fragment to 
create pAbT503, as shown in Figure 13B. 

pAbT503 is a divalent vector for the insertion and expression of pseudorabies gp50 and gill in vaccinia. 
pAbT503 is identical to pAbT506 except that the gp50 gene is under the control of the vaccinia 7.5K promoter 20 
and the gill gene is under the control of the vaccinia 30K promoter. 

EXAMPLE 11 

Identification and isolation of the PrV gene encoding gll (Figure 14) 25 

The pseudorabies gll gene was located on the PrV genome by virtue of its homology to Herpes Simplex 
Virus (HSV) gB (Robbins et al., 1985. 10th International Herpesvirus Workshop, Ann Arbor, Michigan). A 
6900bp BamHI fragment containing HSVgB in pBR322 was obtained from Dr. Lynn Enquist (E.I. duPont de 
Nemours and Co.; Wilmington, Delaware). PrV genomic DNA was digested with Kpnl and the resulting 
fragments were separated on an agarose gel and transferred to nitrocellulose. The filter was then hybridized to 30 
HSVgB labeled with 32 P by nick-translation. The 14,300bp Kpnl C fragment of PrV contained sequences 
homologous to the HSVgB probe. About 30ug of PrV genomic DNA was digested with Kpnl and the 
14,300bpKpnl C fragment was gel-purified. pEMBL19 (Dente et al, 1983. Nucl. Acids Res. 11, 1645) was 
digested with Kpnl, treated with CIP and ligated to the Kpnl C fragment to create pAbT176, in E. coli strain 
JM101, as shown in Figure 14A. 35 

pAbT176 was digested with Sail, Sphl and Pvul to generate a restriction map of the Kpnl C fragment, as 
shown in Figure 14B. 

pAbT176 was subjected to Southern analysis using various combinations of restriction digests with Kpnl, 
Sphl, Pvul and Sail, using a 3200bp Xhol-BamHI fragment of HSVgB as a probe. Two Sphl fragments, of about 
2000bp and 2500bp, contained sequences homologous to the gB probe. 40 

pAbT176 was partially digested with Sphl and the resulting 4500bp fragment, containing the 2000bp and 
2500bp Sphl fragments, was gel-purified. pEMBL18 (Dente etal, 1983. Nucl. Acids Res. 11, 1645) was digested 
with Sphl, treated with CIP and ligated to the 4500bp fragment containing git to create pAbT765, as shown in 
Figure 14C. 



EXAMPLE 12 



45 



Construction of a monovalent IVR vector containing the pseudorabies gene encoding glycoprotein gll under 
the control of the vaccinia 7.5K promoter (Figures 15 and 16) 

A restriction map of the PrV fragment in pAbT765 was determined by restriction enzyme digestion (Figure 50 
15A). The nucleotide sequence of the gene encoding gll has been determined (Robbins et al., 1985. Tenth 
International Herpesvirus Workshop, Ann Arbor, Michigan); the region encoding gll is shown in Figure 15A. 

pAbT765 was digested with Sphl and the resulting 2500bp fragment containing the 5' end of the gll gene was 
gel-purified. pEMBL18 (Dente et al., 1983. Nucl. Acids Res. 11, 1645) was digested with Sphl, treated with CIP 
--^ [;~-{--^ *3 2500b" fragment tc create pAbT766, ?hnwn in Figure 1.SB. 55 

pAbT766 was digested with Rsal and the 335bp fragment containing the 5' end of the gll gene, beginning 
22bp upstream (to the 5' side) from the translation initiation ATG codon and extending through codon 104 of 
the gll gene, was gel-purified. pEMBL18 (Dente et al., 1983. Nucl. Acids Res. 11, 1645) was digested with 
Hindi, treated with CIP and ligated to the 335 fragment to create pAbT764, as shown in Figure 15C. 

pAbT766 was digested with Sphl, then partially digested with Xhol, and the resulting 1500bp fragment 60 
containing the middle of the gll gene was gel-purified. pAbT764 was digested with Sphl and Xhol, and the 
resulting 4270bp fragment was gel-purified and then ligated to the 1500bp fragment to create pAbT770, as 
shown in Figure 15D. 

pAbT6016 was partially digested with Hindlll and then was completely digested with BamHI. The resulting 
14,600bp fragment was gel-purified, treated with mung bean nuclease and then re-ligated to create pAbT4030, 65 
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as shown in Figure 16A. 

pAbT4030 was digested with Bglll and the resulting 3900bp fragment containing the BamF-lacZ cene was 
gel-purified. pAbT4027 was partially digested with Bglll and treated with CIP, "an! ^e resS 48oZ 

^asss^^n Th z rj ra9ments were ii9ated to create pAbT4 ° 32 - as *™ ^ss * 

th >3> eld oMhVS ? W • Par ! ia " y di9eSted With Sa " and the resultin 9 1700b P ^ment. containing 

Sited to thl I7nnhf f ' Was 9 e| -P urifled " PAbT4032 was digested with Sphl and Sail, treated with CIP and 
ligated to the 1700bp fragment to create P AbT763, as shown in Figure 16C 
P AbT763 was digested with Xbal and Kpnl. and the resulting 2120bp fragment was qel-ourified D AhT4f)?7 

E? Sf f " ^ Xba ' ^ Kpnl ' th6n treat6d With CIP - and * e resul ' n 9 ?280bp fSgmenTwafgCrS 
A .^ a9mentS WSre " gated to create PAbT769, as shown in Figure 16D 
P AbT770 was digested with Xbal and Sphl. and the resulting 1770bp fragment, containing the 5' end of the 

?7nnhn e, f ^ 96 ~T' fied - pAbT?69 W3S digested with Xbal and Sph'- then treated with Spand Hgaled to the 
1700bp fragment to create P AbT771, as shown in Figure 16E 

DAb^coite!^ r p f °, r ,m e ' n f erti ° n , a T e * preSSi ° n ° f the Sene enCodin 9 P^udorabies gll in vaccinia virus. 
pAbT771 contains the same elements for bacterial growth and selection and vaccinia recombination and 
select.*, as P AbT752 described in Example 1 . P AbT771 differs from P AbT752 in that P AbT771 TntlsThe Prv 
gll gene under the control of the vaccinia 7.5K promoter, and contains the vaccinia 30K promoter fotowed bv a 
unique restriction site for insertion and expression of a second foreign antigen. omotermilowed bv a 

20 EXAMPLE 13 
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rroc. Natl Acad. Sci. USA 79. 1593.) These recombinant viruses are formed by transfectina DNA conta ninn a 

oercen TUT * . WWch .„ hW " been infe ° t6d by Wi,d ^ vaccinia vi ™ thifcS NYCbH ma" 

percent of the progeny virus will contain the gene of interest integrated into a specific site on the vaccWa 

S3 0 Acad IS ZlTrtS^T ca ? exp ? ss 9enes of <™«5 

nAh££ n a ' 927); Pan ' Ca " 8t al " 1983 - Proc - Natl - Acad " Sci - U SA 80. 5364). 

vir^atTn MOI of ^^1^ "*? CV f " 1 Ce " S ^ had been infeCted with the NYCBH ^ <* vaccinia 
virus at an MOI of 2. The selection system for recombinant virus was the appearance of blue Dlaaues due to th» 

metabolism of Bluo-Gal directed by the lacZ gene introduced on P AbT756 and integrated ^ nto the vlccinia 

3 9 Tm7of M E ^r^ 1X10 ^ V ; 1 Ce " S ° n 3 6cm P' ate Were infected ^ 40 min ASr^^on 
3.3ml of MEM-20/0 FSC was added to the plate. For the calcium phosphate precipitation of DNA 236 6ul of 

ad U dton oTioTo'Buff^r' ^\[°^ * * concentration^ ^m g ,rn5 Sowed by hJ 

addition of 250ul of Buffer B as described in Materials and Methods. After 40 min this DNA was added 

SSE 8 Ce " S - WhiCh W6re th6n inCUbat6d at 37 ° C Until 1000/0 of the cells were o^erted to be 

The infected cells and virus were harvested and the undiluted and diluted (10- 1 to 10-3) virus was titratPrf 
as previously detailed. Virus was diluted 1 :5 and 0.5ml was adsorbed onto each of ten 6cm p ates of CV 1 ce fs 
his mfection yielded 1,000 plaques per plate. Several blue plaques were plckec I from these Stes^d aSr 
Oneof 0 S!2 P ' aqUe P ^ rifi H Ca,ion - four final blue P |a ^s were picked and amplified iZol wSTwXSSZ 
?Z£r . I a T fiSd ° n 3 15cm P ' ate and concen t^ted by centrifugation through a 360/oTw/v) sucrose 
cushion as already described. This virus, designated vAbT20. had a final concentration of 2 72x10" PFU/mf 
Expression of the g P 50 gene by this virus was analyzed as described in Example 19 

EXAMPLE 14 
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^.^i" 3 "^ 3001 "' 8 VlrUS c _ ontainin g the 9 ene enco d ing PrVglH. under the control of t he vaccinia 7 5K 
promoter, by in vivo recombination (IVR) ~ * 

viruJa™ MOI ofTrZZT^n °V ^ ^ had been infeCted with the NYCBH strain <* vaccinia 
virus at an MOI of 2. The selection system for recombinant virus was the appearance of blue plaques due to the 

metabol.sm of Bluo-Gal directed by the lacZ gene introduced on the pAbT501 plasmid and integrated I into hS 
vaccnia genome Approximately 1x10* CV-1 cells on a 6cm plate were infected for 40 min a 37°C After 
SSSS^T' M - "f ° FCS W3S add6d ,0 ,he P,ate ' Fo ' the ca,cium P hos P ha * e Prec PiSt'on of DNA 
th ^ add S n of 250ul 22$.* n" 9 °J ^J 501 ° NA ( ° n ' 9ina " y at a ^"^ntration of 

drlnltlZ^ 25 f 0ul t °^ Bu ^ er as described in Material and Methods. After 40 min. this DNA was added 
SS ' W th6n inCUb3ted 3t 37 ° C UntH 1000/0 0f the cells were observed to be 

Hii,!t!on infeCt .! d w Cel o C n n l VimS Were harves,ed and the virus was titrated as previously detailed The 10- a 

co„centr«ed by c e „, rt f u0 , tto „ , hrollgh , 3^ (w/v , cush|on as ^dT* J*ed oSl 'S™. 
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vAbT67-9-1-2-1 was picked for further amplification in a HeLa-S3 spinner culture. The virus was centnfuged 
through a 25-40% (w/v) sucrose gradient in an SW28 rotor at 15,000 rpm at 4°C for 40 min. This preparation 
yielded virus at a final concentration of 2.93x10^ PFU/ml. Expression of the PrV gill gene by this recombinant 
was analyzed as described in Examples 19. 20 and 22. 

EXAMPLE 15 

Recombinant vaccinia virus containing the gene encoding PrV gp50 under the control of the vaccinia 7.5K 
promoter by in vivo r ecombination (IVR) 

- p AbT4018 DNA was transfected into CV-1 cells which had been infected with vaccinia virus cells at an MOl 10 
of 2 The virus strain was NYCBH and the selection system for recombinant virus was the appearance of blue 
plaques due to the metabolism of Bluo-Gal directed by the lacZ gene. Approximately 1x10° CV-1 cells on a 
6cm plate were infected for 40 min at 37° C. After adsorption, 3.3ml of MEM-20/o FCS was added to the plate. 
For the calcium phosphate precipitation of DNA, 210ul of Buffer A was added to 20ug of P AbT4018 DNA 
(originally at a concentration of O.Smg/ml), followed by the addition of 250ul of Buffer B as already described. 15 
After 40 min, this DNA was added dropwise to the infected cells, which were then incubated at 37° C until 
100% of the cells were observed to be infected. 

The infected cells and virus were harvested and the virus was titrated as previously detailed. The 5x10- J 
dilution resulted in 250-300 plaques per plate and twenty-two 6cm plates of CV-1 cells were each infected with 
0 5ml of the 5x10- 3 dilution of virus obtained from the IVR. Three blue plaques were picked from these plates, 20 
and after four cycles of plaque purification, eight final blue plaques were picked and three (vAbT54R-1 -1-1-1, 
vAbT54R-1 -1-2-1 and vAbT54R-3-1-1-1-) were amplified twice on 6cm CV-1 plates. All three were then 
amplified on 15cm plates and concentrated by centrifugation through a 36% (w/v) sucrose cushion as already 
described One isolate, vAbT54-1 -1 -1 -1 , was picked for further amplification in a HeLa-S3 spinner culture. The 
virus was centrifuged through a 25-40<Vo (w/v) sucrose gradient in an SW28 rotor at 15,000 rpm at 4 C for 40 25 
min. This preparation yielded virus at a final concentration of 2.0x10* 1 PFU/ml. Expression of gp50 antigen by 
this recombinant was analyzed as described in Examples 19, 20 and 21. 



EXAMPLE 16 

Recombinant vaccinia virus containing the gene encoding PrV gill, under control of the vaccinia 11KA5 
promoter, by in vivo r ecombination (IVR) 

P AbT502 DN A was transfected into CV-1 cells which had been infected with vaccinia virus cells at an MOl of 
2 The virus strain was NYCBH and the selection system for recombinant virus was the appearance of blue 
plaques due to the metabolism of Bluo-Gal directed by the lacZ gene. Approximately 1x108 C V-1 cells on a 
6cm plate were infected for 40 min at 37° C. After adsorption, 3.3ml of MEM-20/o FCS were added to .the .plate. 
For the calcium phosphate precipitation of DNA, 243.43ul of Buffer A was added to 20ug of P AbT502 DNA 
(originally at a concentration of 3.00mg/ml), followed by the addition of 250ul of Buffer B as already described. 
After 40 min, this DNA was added dropwise to the infected cells, which were then observed at 37 C until 100% 
of the cells were observed to be infected. 

The infected cells and virus were harvested and the virus was titrated as previously detailed. The 10- 
dilution resulted in 250-300 plaques per plate and twenty-one 6cm plates of CV-1 cells were each infected with 
0 5 ml of the 10-2 dilution of virus obtained from the IVR. Six blue plaques were picked from these plates, and 
after four cycles of plaque purification, eight final blue plaques were picked and four of them were amplified 
twice on 6cm CV-1 plates. Two of these virus isolates were further amplified on 15cm plates and concentrated 
by centrifugation through a 36<Vo (w/v) sucrose cushion as already described. One isolate, vAbT 5 9 ^; 1 ^" 1 / 
was picked for further amplification in a HeLa-S3 spinner culture. The virus was centrifuged through a 25-40W 
(w/v) sucrose gradient in an SW28 rotor at 1 5,000 rpm at 4° C for 40 min. This preparation yielded virus at a final 
concentration of 2.88x109 PFU/ml. Expression of gill antigen by this recombinant is described in Example 19. 

EXAMPLE 17 

Recombinant vaccinia virus containing PrV gp50 u nder the control of the vaccinia 7.5K promoter and PrV gill 
under the control of the vaccinia 3QK promoter by in vivo recombination (IVR) 

— „ Au-rcno hma ,*,oc tran cfortoH intn p.\/-i rpils which had been infected with vaccinia virus cells at an MOl of 
0 5^ The"virus' strain was NYCBH and the selection system for recombinant virus was the appearance of blue 
plaques due to the metabolism of Bluo-Gal directed by the lacZ gene. Approximately 1x10° CV-1 cells on a 
6cm plate were infected for 40 min at 37°C with 50ul of virus mixed with 150ul of MEM-20/o FCS. After 
adsorption 3.3ml of MEM-2<Vo FCS was added to the plate. For the calcium phosphate precipitation of DNA, 
230ul of Buffer A was added to 20ug of pAbT503 DNA (originally at a concentration of LOmg/ml), followed by 
the addition of 250ul of Buffer B as already described. After 40 min, this DNA was added dropwise to the 
infected cells, which were then incubated at 37*C until 100% of the cells were observed to be infected. 

The infected cells and virus were harvested and the virus was titrated as previously detailed. The 10- 
dilution resulted in 250-300 plaques per plate and five blue plaques were picked from these plates. After two 
cycles of plaque purification, five blue plaques (vAbT78A) were picked for analysis of gene express.on of black 
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plaque assay as described in Example 19. 
EXAMPLE 18 



Recombinan t va ccinia v irus containing PrV gill under the co ntrol of t he 7.5K promoter and gp50 under the 

control of the 30K promoter by in vivo recombination TTVR) WP 

P AbT506 was transfected into CV-1 cells which had been infected with vaccinia virus at an MOI of 0 5 The 
virus .strain was NYCBH and the selection system for recombinant virus was the appearance of blue plaques 
due to he me abohsm of Bluo-Qal directed by the .acZ gene. Approximately 1x10* CV-1 celts on a plate 

r™ ^ 40 m ' n w a j T C W,th 50 U ' ° f VimS diluted with 150ul of MEM - 20/ ° p CS. After adsorptL 3 3ml 
of MEM-20/o FCS was added to the plate. For the calcium phosphate precipitation of DNA 230 u I of Buffer A 

Si? i R f n 9 ° PA , bT ^° 6 ° NA (0rigina " y at 3 concentra «<™ of I.Omg/ml), foUowed by the addition of 
250ul of Buffer B as already described. After 40 min. the DNA was added dropwise to the infected cells which 
were then .ncubated at 37°C until 1000/o of the celis were observed to be infected 
The infected cells ; and virus were harvested and the virus was titrated as previously detailed The 10-* 

™£n7T 2 f I 00 PlaqUSS PSr P,ate " FiVe blue P' 3 ^ 63 were P icked from theseplates and after two 
cycles of plaque Punf.cat.on. eight blue plaques (vAbTSO) were picked for analysis of gene expression by b ack 
plaque assay as described in Example 19. /an c=> 01 u.. uy mac* 



EXAMPLE 19 



Black plaque assay for ex pression of PrV antigens q P 50 and gill in va ccinia 

which c a a n C d P P tP^ U n r a L Say ' described j n Materials and M ^hods. is an in situ enzyme-based immunoassay 
which can detect protein expressed by vaccinia-infected cells. 

a nH h ,?AHT«o P ll q Ue aS ? y WaS P erformed on the monovalent vaccinia recombinants vAbT20, vAbT54 vAbT67 
TmAtJrtLt? t T nM - reS P ective L y - the 9 ene encodin 9 PrV 9P50 under the control of the vacc^a 
11KA5 promoter, the gene encoding g P 50 under the control of the 7.5K promoter the gene encodina alll 

ThfblS nT ntr °' ° f ? - 5K r mOXer 3nd the 96ne 6nCOdin 9 9'" under the ™™ of thfl 1kTs promote 
The black plaque assay was also performed on the divalent recombinants vAbT78A and vAbT90 which contain 
both PrVgpSO and PrVglll. Monoclonal antibodies M4, M6, M7 (anti-gl.l) and MCA50 {^S^SPS^S 
Plaques formed by. the negative control. NYCBH virus, showed only a background color which was 
consistent with the background on the cel. monolayer itself. Plaques formed by the vaccinS ^recombinant 

monomer *T* ^ ^ ^ W3S mUCh darker than tne background on'he cei 
r^nmhLI" J SU ' tS W6re ° bta,ned With a " a PP ro P r «te anti-PrV antibodies, and showed that all the 

recombinants were expressing the appropriate PrV gp50 and/or gill antigen. 



EXAMPLE 20 



Enzyme-linked immunosorb ance assay (ELISA) for PrV antigen expression 

aktL. , W 5I e P erformed as described in Materials and Methods on lysates of CV-1 cells infected with 

sCmmari eSTn rlTX^' recombinant > ^ NYCBH strain) 'Ihe Ssut a e 

!5S « Monoclonal antibody MCA50 to gp50 recognized an antigen in cells infected with 
ITI^ „ ,S t ' nfeCted W ' th NYCBH Virus - Monoclonal antibodies to gill (M4. M6 and M7) recognized 

an antigen in cells infected with vAbT67 but not in cells infected with NYCBH virus ^cognized 
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Table 1 



Results of ELISA 


on Cells 


Infected 


with 


5 


Vaccinia Recombinants Expressing gp50 ' 


and gill 






Cells 


Infected 


with: 


10 


Monoclonal 


vAbT5 4 


vAbT67 




Antibody Specificity 


(qp50) 


(gin) 


NYCBH 




M4 gill 


0.15 


1.29 


0.17 


15 


M6 gill 


0.15 


1.31 


0.15 




M7 gill 


0.19 


0.99 


0.17 




MCA50 gp50 


0J42 


0.18 


0.14 


20 



Results are expressed as average of duplicate O.D. 

readings at 450nm. 25 



EXAMPLE 21 

Immunoprecipitation of PrV gp50 from recombinant vaccinia 

Immunoprecipitation analysis was performed on CV-1 cells infected with recombinant vaccinia virus, 
vAbT54, containing the gene encoding the glycoprotein gp50 of PrV under the control of vaccinia 7.5K 
promoter. Cells were labeled with either [ 35 S]methionine or [ 3 H]gtucosamine for approximately 20 hours. The 
cell lysates were precleared three times using an anti-vaccinia virus serum and then incubated with swine 
anti-PrV serum at a dilution of 1:100. Antibodies were precipitated using S. aureus , and the crossreacting 
antigens were inspected by SDS-polyacrylamide gel electrophoresis followed by autoradiography. 

Two (vAbT54R-1-1-1-1 and vAbT54R-1-1-2-1) vaccinia-gp50 recombinants incorporated [ 35 S] methionine 
predominantly into a 55,000 dalton protein which co-migrated with a PrV protein of the same size. This protein 
was also detected when the samples were radiolabeled with [ 3 H]glucosamine, thereby confirming its identity 
as a glycoprotein. The signal was absent in mock-infected CV-1 cells, in ceils infected with wild-type vaccinia 
virus and in cells infected with recombinant virus containing the gene for the VP1 protein of canine parvovirus. 

EXAMPLE 22 

Immunoprecipitation of PrV gill from recombinant vaccinia 

Immunoprecipitation analysis of vaccinia recombinant virus vAbT67 containing the gill glycoprotein of PrV 
was performed essentially as described in Example 21. A high level of gfll expression was obtained in two 
recombinants which carried the gill gene under the control of the 7.5K promotor. When these samples were 
labeled with either [ 35 S] methionine or [ 3 H]glucosamine, the autoradiogram of the SDS gel showed a very 
strong signal corresponding to a glycoprotein of molecular weight 92,000 daltons, and a weaker signal for a 
glycoprotein of 74,000 daltons. These molecular weights agree with those reported for the fully and partially 
glycosylated forms of a protein determined to be gill (Robbins et at., 1986. J. Virol. 58, 339). 

CVAMDI C 



Black plaque assay with immune serum of mice immunized with recombinant vaccinia virus expressing 
pseudorabies gp5Q or gill 

Mice were injected with vaccinia recombinant vAbT54R, expressing pseudorabies gp50 under the control or 
the 7.5K promoter, or with vaccinia recombinant vAbT67, expressing pseudorabies gill under the control of the 
7 5K promoter, as described in Materials and Methods. 

Sera were obtained two weeks after injection and tested against PrV by a black plaque assay as described in 
Materials and Methods. Serum from mice immunized with vAbT54R and vAbT67 both reacted strongly with the 
PrV -plaques at all dilutions of serum. Serum from mice immunized with vAbT53 (an unrelated recombinant 
vaccinia virus) did not react at all with the PvR plaques. Thus, recombinant viruses vAbT54R and vAbT67 elicit 
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an immune response to PrV glycoproteins gp50 and gill in mice. 
EXAMPLE 24 

^^:™iT;z: z?r^r::;r -» — ^- — - 

2£ To PFU oTvAhSlp T Un,Za ^? n W !, S USSd the neutrali ^tion assay. Balb/c mice were immunized I P 
EXAMPLE 25 

challenge w.th PrV following immunization with vAbT54, vAbT67 or vAbT78, respectively. 
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Immunization Dose 



NYCBH 
NYCBH 
NYCBH 
NYCBH 
NYCBH 
NYCBH 



6.2x10;? 
6.2x10;? 
6.2x10;E 
6.2x10^ 
1.2x10° 
1 .2x10° 



Total controls 

vAbT54 4.3x10° 
(7-5Kgp50) , 
vAbT54 4.3x10" 
4. 3x10° 



vAbT54 
vAbT54 
vAbT54 
vAbT54 

Total vAbT54 



4.3x10" 
8.6x10° 
8.6x10° 



(7.5KgIII) 
vAbT67 
vAbT67 
vAbT67 
vAbT67 
vAbT67 



2x10 
2x10 
2x10 
,2x10 



Total 



2x10 
vAbT67 



vAbT78 5X10 C 
(gp50 + gill) f 
vAbT78 5X10 C 

Total vAbT78 
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IV 


LD 


4 0 




IV 


5LD 


3 1 
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LD 


3 1 




TS 


5LD 


3 1 


35 






21 3 






6 Mice 




TS 


LD 


6 0 








40 


TS 


10LD 


6 0 





12 



45 



a LD = 5X10 4 pfu, administered IP three weeks post-immunization. 

b Two additional mice died before challenge 

c Three additional mice died before challenge 

IP = Intraperitoneal; IV « intravenous; TS = tail scarification. 
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Collection in Rockville, Maryland and assigned the designated accession numbers: 
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Plasmid 


Accession 




pAbTSOl 


672 1 1 


c 
O 


pAbT502 


67? 1 P 




pAbT503 


67213 




pAbT506 


67214 


10 


pAbT771 


67215 




pAbT4018 


67216 



Equilavents 



Claims 
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pseuo^S vKf ^ ^ C3Pab ' e ° f 6XPreSSing " 3 h ° St °" e ° r more --unogenic proteins of 

2. A recombinant pox virus of claim 1 , which is of the species vaccinia 
p S euJo"bSv!ru a s nt ° f C ' aim Wha "* n im ™ogenic protein is an envelope protein of 

of 5 t"hi recombinant vaccinia virus containing, in a region of the viral genome nonessential for reolication 

40 a- a pox virus promoter linked to* ^.^mpnsmg, 

c,oLp b ^ ,e 

bJna S u^T!-Tl° f th f P ° X VimS f ' ankin9 the Construct of e,emen »s a and b. th X sequences 
SationXXl^f 90113 * * ^ " P °* ^ ^ >• nonesseSTor 

d. a replicon for replication in a prokaryotic hosf and 

9 J ll?Zt?f ' m ^ f *" ' 0 ™ l9n ° NA "" CM " ' VWMI or anlkw, 
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c. a vaccinia promoter linked to a structural gene encoding a marker or indicator for selection of 
recombinant vaccinia virus; 

d. DNA sequences of vaccinia virus flanking the construct of elements a-c, the DNA sequences 
being substantially homologous to a region of the vaccinia viral genome which is nonessential for 
replication of the virus ; 5 

e. a replicon for replication in a prokaryotic host cell ; and 

f . a structural gene encoding a marker or indicator for selection of prokaryotic hosts transformed 
with the vector, the gene being under control of a prokaryotic promoter. 

13. A vector of Claim 12, wherein the foreign DNA is DNA which encodes a bacterial, mycobacterial or 

viral antigen. *0 

14. A vector of Claim 14, wherein: 

(i) the vaccinia promoter linked to a DNA sequence containing a multiple cloning site is the 7.5K, 
11K, 11KA5or30K promoter of vaccinia virus; 

(ii) the vaccinia promoter controlling the structural gene encoding a marker or indicator for 
selection of recombinant vaccinia virus is the vaccinia BamF promoter; 15 

(iii) the structural gene encoding a marker or indicator for selection of recombinant vaccinia virus 
is the E. coli lacZ gene; and 

(iv) the flanking DNA sequences are substantially homologous to the gene encoding thymidine 
kinase of vaccinia virus. 

1 5. Plasmid vectors for insertion of antigen encoding DNA and for subsequent in vivo recombination with 20 
vaccinia virus to produce a recombinant vaccinia virus capable of expressing the antigen in a host, the 
vectors having the characteristics of pAbT752 and pAbT4007. 

16. A recombinant pox virus produced by; 

a. inserting DNA encoding an immunogenic protein into the cloning site of a vector of claim 7 or 10; 

b. allowing the resulting vector containing the protein-encoding DNA to recombine with pox virus 25 
in vivo to produce a recombinant pox virus; and 

~~ c. isolating the recombinant pox virus. 

•4*7 A «-U:««i™+ « iaa Attttn , iln i e> rs.rr\r\i 1^*0^ Kw • 

I / . /A I COVJI MUM icu il voajVjm i i ci vii uo pi >~> y . 

a. inserting DNA encoding an immunogenic protein into the cloning site of a vector of claim 13 or 

14; 30 

b. allowing the resulting vectors containing the protein-encoding DNA to recombine with vaccinia 
virus in vivo to produce a recombinant vaccinia virus ; and 

c. isolating the recombinant vaccinia virus. 

18. A recombinant vaccinia virus according to claim 16 or 17, wherein the DNA encodes a bacterial, 
mycobacterial or viral antigen. 35 

19. A vector of claim 7 oi 12, containing inserted DNA which encodes an immunogenic bacterial, 
mycobacterial or viral protein. 

20. A vector of claim 1 9. wherein the protein is an envelope protein of pseudorabies virus for example the 
gp50, gll or gill glycoprotein or an immunogenic subunit or fragment thereof. 

21 . Plasmid vectors for in vivo recombination with vaccinia virus to produce a recombinant vaccinia virus 40 
which expresses an immunogenic envelope glycoprotein of pseudorabies virus in a host, the plasmid 
vectors having the characteristics of pAbT756, pAbT4018, pAbT501 or pAbT502. 

22. A vector for insertion of two or more foreign DNA sequences and for subsequent in vivo 
recombination with pox virus to produce a recombinant pox virus capable of expressing the DNA 
sequence, comprising: 

a. two or more pox virus promoters, each promoter linked to; 

b. a DNA sequence containing a multiple cloning site for insertion of a protein-encoding DNA 
sequence, the cloning site being located such that the inserted DNA sequence will be under control 
of the promoter; and; 

c. DNA sequences of the pox virus flanking the construct of elements a and b, the DNA sequences 50 
being substantially homologous to a region of the pox viral genome which is nonessential for 
replication of the pox virus; 

d. a replicon for replication in a prokaryotic host; and 

e. a structural gene encoding a marker or indicator for selection of prokaryotic hosts transformed 

with the vector, the gene being under control of a prokaryotic promoter. 55 

23. A vector of claim 22, wherein each foreign DNA sequence encodes a bacterial, mycobacterial or viral 
antigen. 

24. A vector of claim 22 or 23, for recombination with vaccinia virus, wherein the pox viral promoters are 
selected from the group consisting of the 11K promoter, the 7.5K promoter, and the 30K promoter of 
vaccinia virus and modified versions thereof, and wherein the flanking sequences are sequences 60 
homologous to the thymidine kinase gene of vaccinia virus. 

25. A vector of claim 22, 23 or 24, further comprising : 

f. a pox viral promoter linked to a structural gene which encodes a marker or indicator for selection of 
recombinant pox virus, the promoter and structural gene being located between the flanking DNA 
sequences. 
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26, A vector of claim 25, for recombination with vaccinia virus, wherein the pox virus promoter is the 
vaccinia virus promoter and the structural gene encoding a marker or indicator is the E coli lacZ qene 
encoding B-galactosidase. — 

27. Plasmid vectors for insertion of two sequences of protein-encoding DNA and for subsequent in vivo 
5 recombination with vaccinia virus to produce a recombinant vaccinia virus capable of expressirToTthe" 

antigens, the vectors having the characteristics of pAbT4026 and pAbT4027 

28 A vector of claim 22 or 26 containing inserted DNA sequences, each'sequence encoding different 
proteins of pseudorabies virus, the proteins being selected from gp50, gll, gill proteins and immunogenic 
subunits or fragments thereof. 
10 29. Plasmid vectors for recombination with vaccinia virus to produce a recombinant vaccinia virus 

capable of expressing two different glycoproteins of pseudorabies virus, the vectors havinq the 
characteristics of pAbT503 and pAbT506. 9 

30. A vaccine for vaccinating a host animal against pseudorabies virus, comprising a recombinant pox 
virus capable of expressing an immunogenic protein or proteins of pseudorabies virus, said pox virus e q 
being a vaccinia virus capable of expressing the gp50, gll or gill proteins or pseudorabies virus and/or 
said pox virus .s e.g. vAbT20, vAbT67, vAbT69, vAbT78A, vAbT90, vAbT93, vAbT54R, or mixtures thereof 
method of producing antigenic proteins of pseudorabies virus, comprising the steps of - 

a. infecting cells with a recombinant pox virus capable of expressing an antigenic protein of 
pseudorabies virus; 

b. culturing the cells under conditions which allow the virus to replicate and to express the 
antigenic protein; and 

c. isolating the antigenic protein from the cells. 

32. A method of ' claim 31, for producing antigens against the gp50, gll or gill glycoproteins of 
pseudorab.es virus wherein the cells are infected with a recombinant vaccinia virus capable of 
thTrS 5 '" 9 9 " ° r 9111 pr ° teinS P seudor abies virus or immunogenic fragments of subunits 

steptoV^ 06 ° f pr ° dUC,ng antibod V gainst antigenic proteins of pseudorabies virus, comprising the 

a * '" ocu ' atin g a" animal with a recombinant pox virus capable of expressing an antigenic protein of 
30 pseudorabies; and 

b. isolating serum containing antibody raised against the antigenic protein 
34. A method of producing monoclonal antibody against antigenic proteins of pseudorabies virus 
comprising the steps of: 

a * immunizing an animal with a recombinant pox virus capable of expressing an antigenic protein 
35 pseudorabies virus; 

b. obtaining antibody-producing cells from the animal; 

a fusing the cells with an immortalizing cell to produce fused cell hybrids* 

d. selecting fused cell hybrids which produce antibody against the antigenic protein* and 
oc n € * 9row,ng the selec *ed fused cell hybrids and obtaining antibody secreted by the hybrids 
11' ^ ecomb,nant vaccinia viruses vAbT20, vAbT67, vAbT69, vAbT93, vAbT54R, vAbT78A and vAbT90 

36. Plasmids pAbT501 , P AbT502, pAbT503, pAbT506, pAbT771 and P AbT401 8 

37. Use of recombinant pox, e.g. vaccinia, viruses to combat diseases, e.g. Aujeszky's disease, caused 
by pseudorabies virus. 

38. Use of recombinant pox, e.g. vaccinia, viruses in the manufacture of vaccines against diseases e q 
45 Aujeszky s disease, caused by pseudorabies virus. ' " y " 
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